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The circuii diagrams included in this manual are included for 
Illustratici! of typical glow lamp applications and are not intended 
as conatructual Information. Although reasonable care has been 
taken In their preparatlon to insure their technical correctncss, 
no rcsponsiblllty is assumed by thè General Electric Company for 
any consequences of their use. 

The glow lamp devices and arrangements disclosed herein may be 
covered by Patente of General Electric Company or others. Neither 
thè disclosure of any Information herein nor thè sale of glow lamp 
devices by General Electric Company conveys any license under 
patent claims covering combinations of glow lamp devices with other 
devices or elements. In thè absence of anexpress wrltten agreement 
to thè contrary, General Electric Company assumcs no liahility 
for patent infringement arising out of any use of thè glow lamp 
devices with other devices or elements by any purchaser of glow 
lamp devices or by others. 
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PHYSICS AND CHARACTERISTICS 
OF GLOW LAMPS 



LAMP CURRENT (AMPERES) 

Fig. 1.1. Chorocteristic Curve of thè Neon Lamp 


Electrical conduction tn thè lamp requires thè ionlzation of thè neon gas, 
which consista of thè separatici of an electron from an atom resulting in a 
positively charged ion and a free electron. In order to break an electron away 
from an atom, energy must be supplied to it. This energy may be supplied by 
collisìons between particles such as electrons orexcitedatoms; a process which 
requires thè application of an electric field. Ionlzation may also be produceri 
directiy by external ionizing sources such as ultravlolet rays, x-rays, and 
cosmic rays. A third producer of ionization may be radioactive additives within 
thè lamp. 
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Tho gas wlthin thè neon bulb is always in a state of partisi ionization due to 
ono or more of tho ionizing sources just mentioned. As an increasing voltage 
is applied to thè neon bulb there is a small increasing current flow due to thè 
drift of electrons and ions which are made avallable by thè action of these 
ionizing sources. The applied voltage produces an electric field which draws 
thè positive ions to thè cathode and thè electrons to thè anode. Thls current is 
indicated by one of thè regions AB in Figure 1.1. A large portion of this current 
can be photoelectrons if thè lamp is operating in ambient light. 

As thè voltage is increased, a opi ni B is reached where all thè available 
ions and electrons are being pulled from thè gas and a further increase in 
voltage resulta in no further increase in current. This constant-current region 
is represented by thè curves BC. 

A further increase in thè voltage aerosa thè lamp past thè value represented 
by p oint C r esulta in a rapid increase in current to thè point D or D\ This dis- 
chargeTscalled a non-self-maintained or a Townsend dlscharge . This increas¬ 
ing current is brought about through a phenomenon termed electron avalanche 
in which a moving electron (a so called primary electron) upon colliding with an 
atom may liberate another electron from thè atom thus resultine in a positive 
ion and two electrons. These two electrons are now accelerated by thè electric 
field and In turn may produce two more collisions. Thus there is an accumulatlng 
density of charge carriera available, and as they are altracted to thè electrodes 
thè current increase. If thè external excitation which is producing thè primary 
electrons should be removed thè current will ceaseto flow, hence this discharge 
is termed non-self-maintained. The characteristic curve from A to D is 
dependent upon this external excitation. 

When thè voltage aerosa thè lamp la increased to a value represented by 
poi nt D t he gas in thè lamp “breaks down” and begins to glow. This is defined 
as thè breakdown or flrlng voltage . The current will increase to a value limited 
malnly by the resistance in the external circuit. If, after breakdown occurs, the 
external ionizing excitation source is removed, current will continue to flow 
and for this reason this type of discharge is referred to as a sclf-maintaincd 
discharge. 

flje voltage at which breakdown" occurs is a function of the product of the 
interelectrode spacing and the gas pressure and does not depend upon these two 
parameters separately. This relationship between electrode spacing and gas 
pressure is known as Paschen’s law . The breakdown voltage is also dependent 
upon thè electrode material and the composition of the gas. 

After breakdown occurs the lamp passes through a transition region EF 
which is an unstable region of operation.‘The shaded portion indicates the region 
in which oscillation can occur. This region is often referred to as the negative 
resistance region . since voltage decreases as current increase, contrary tQ 
norma! behavior in a resistive element. In extremely high illuminalion the 
negative resistance region may be misslng, asshownon the third curve, A to D'. 

As current through the lamp is allowed to increase further, the lamp enters 
the normal glow discharge region represented by section FG in Figure l.l 
where voltage changes a minimum amounl with a change in current. The 
operating voltage aerosa the lamp at any point on the characteristic curve is 
termed its maintaining voltage and, of course, will vary with current. In the 
normal glow region the lamp maintaining voltage reaches its minimum value. 
(See section on Equivalent Circuita and General Formulae.) In the normal glow 
region the glow is confined to a portion of the cathode surface and thè amount of 
cathode surface covered by the glow is somewhatproportional to the tube current. 
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If thè lamp current la increased beyond thè normal glow reglon (pofnt G) 
thè tube entcrs thè abnormal glow reglon lndicated by thè sectlon GH in Figure 
1.1. When current is ralsed within this region thè voltage aerosa thè lamp 
increases alowly. Most glow dischargedevices are operated in thè lower portion 
of this reglon. 

Aa thè current la Increased in thè abnormal glow reglon a value la reached 
where a sudden transltlon occurs and thè voltage dropa abruptly to a voltage 
represented by point J which is conslderably lower Ihan thè normal glow main- 
taining voltage for thè lamp. Some lamp types will follow thè dotted curve from 
G to J'. At J or J' thè current density has increased to a level such that thè 
current concentrates itself In a amali spot on thè cathode and thè discharge 
becomes an are. This is characterized by a bluish discharge within thè lamp. 
Operation in thè are region will soon destroy thè neon bulb. 

When thè current through a neon bulb is decreased in thè glow discharge 
region (usually by decreasing thè voltage applied to thè bulb in series with a 
reslstance) a value is reached where thè glow disappears and there is an abrupt 
decrease in bulb current to a vcry low value found in region BD. The voltage. 
measured aerosa thè bulb, at which this occurs is defined as thè extinguishing 
voltage and is dependent upon thè resistance in series with thè bulb. lt is always 
between thè minimum maintaining voltage in thè normal glow region and thè 
breakdown voltage and it approaches breakdown voltage as resistance is in¬ 
creased. The value of thè minimum extinguishing voltage, obtained by a low 
external resistance, is normally not much different Ihan thè minimum maintain¬ 
ing voltage in the normal glow region. (See section on Equivalent Clrcuits and 
General Formulae.) 

GLOW LAMP CHARACTERISTICS 

General 

Generai Electric glow lamps for Circuit component use can be designed for 
a wide range of voltages and currents, but currently available types are specified 
with initial breakdown voltages ranging from 55 to 150 volts and with main¬ 
taining voltages from about 50 to 80 volts. The design current rango for Circuit 
component glow lamps is from .1 milliamp to 10 milllamps for contlnuous 
operation. All Circuit component lamps contain two or three electrodes and are 
available in several physical configurations. Neon lamps can be divlded into two 
generai categories—standard brightness and high brightness. When stable 
electrical characteristics are the primary design parameter, the standard 
brightness types are recommended. In those applications where maximum Ughi 
output is of primary tmportance—such as activation of llght sensitive devtces— 
the high brightness types are often utilized. 

As in the case of all discharge lamps, glow lamps must be ballasted to 
prevent instantancous burnout. Ballasting is generally performed by a resistor 
in series with the lamp. The particular value of resistor used, in combination 
with the applied voltage and lump characteristics, determines the current 
through the lamp and thus ita ltfe and light output. 

Detailed characteristics of available General Electric glow lamps are given 
in Chapter Six. 

Response Time 

The speed of response of glow lamps involves three different time intervals. 
They are ionizatlon timo, deionization time, and transmission time. Depending 
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upon thè application, any one or all three of these may be important. 

For thè purpose of this discuasion, thè following definitions are assumcd: 

A. Ionizatton tlme is thè tlme required for full operating current and 
iight output to be obtained following thè application of a signal in exceas 
of breakdown voltage to a non-conducting larop. 

B. Deionization tlme ia thè tlme required for thè lamp to recover initlal 
breakdown voltage conditions following a period of conduction. 

C. Tranamlaalon time ia thè time required for a change in operating current 
to appear in thè output following thè application of a aignal to a lamp 
already in a conducting state. 



Fig. 1.2. Influence of Volte in Excess of Breakdown 
on lonizing Time 

The lonization time is a function of thè applied voltage in excess of thè 
statlc breakdown voltage. Static breakdown voltage is thè voltage value at which 
a lamp first starts, in 5 to 50 foot-candles of ambtent light, after 24 hours or 
more in thè non-conducting state. No external starting aids, such as closely 
coupled electrostatic fields are present, and thè applied voltage has a slow 
rate of rise in thè order of volta per second. Figure 1.2 shows a typical lonizing 
time curve for a glow lamp in light. For an applied step voltage alightly In excess 
of breakdown thè lonizing time may be of thè order of 300 microseconda, while 
if voltagea of 60 to 70 volts in excess are applied, this time may be reduced to 
lesa than 25 mlcroseconds. Indarkness thesetimes are longer but can be reduced 
through thè use of radioactive additlves. However, “dark effeòt” cannot be 
complctely cllminated without thè use of prohibitively high radiation intensities*. 
(See sectlon on External Effecta.) 

The deionizing time is thè time required for thè complete recombination 
of thè ions and electrons in thè gas. Complete deionization is evidenced by a 
return to thè lamp’s static breakdown voltage from a lower voltage immediatoly 
following thè cessation of conduction. This may require as much as 50 milli- 
seconds. In normal appllcations thè lampis reionized before complete deioniza¬ 
tion has taken place, which extends thè upper frequency to about 20 kilocycles. 
Figure 1.3 shows typical reionization times for a lamp as a function of thè prior 
conduction current and thè time interval between thè trailing edge of one pulse 
and thè leading edge of thè next. 
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Fig. 1.3. Typical Voriation in Reionization Timo with Prior 
Conduction Current and Extinguished Innervai 

The trnnsmission time of a small change of voltage through a conducting 
neon lamp is a function of thè conduction current. and is approximately 6 micro- 
seconds flt n current of 0.3 milliamperes in thè 5AB. It increases with redueec 
current so that at 50 microamperes thè transmission time is about 20 micro- 
seconds. Forthis reason thè neon lamp alone cannot be used for thè transmission 
of short pulses or steep wave fronts. However, with appropriate precautions 
against instability, a high frequency bypass capacitor can often be added to 
improve responso. 

External Efiects 

The static breakdown voltage and consequently tho ionization time of glow 
lamps may be affected by external conditions. 

DARK EFFECT 

Since thè cathode surface material is photosensitive, its emission can be 
greatly reduced by thè absence of illumination. Glow lamps. in total rlarkness. 
become erratic, and may requi re many volta in excess of static values to start 
them. Conversely, in extremely high illumination levels, breakdown voltage 
approaehes minimum maintalnirtg voltage. One means for greatly reducing this 
“dark effect’’ is thè use of mild radioactive additlves, which is being done for 
a largo number of General Electric glow lamps. 

A method sometimes cmployed to eliminate thè dark effect is to place 
a Bouree of illumination, such as angther glow lamp, within thè enclosure. This 
should be lighted prior to thè operation of thè Circuit glow lamps. The spectral 
quality of the incident light also influenccs dark effect, with thè near ultraviolet 
wave lcngths being most efficicnt in reducing the effect. Maintaining voltage is 
not noticeably affected by operation in darkness. 






PHYSICS AND CHARACTERISTICS OF GLOW LAMPS 


ELECTROSTATIC FIELDS 

Electrostatic fields notieeably affect glow lampa. For example, lf thè 
voitage aerosa thè lamp is held below thè atatic breakdown voltage, thè appear- 
anee of an electrostatic field in proximity to thè lamp can cause it to start, lf 
thè dark enclosure is a conductive shield. ita polaritv in relation to thè lamp 
cathode wlll determine thè direction in which thè breakdown voltage changeB. 
lf thè shield is of thè same polarity as thè lamp anode thè dark startlng voltage 
wlll be reduced somewhat. lf at cathode polarity, thè breakdown voltage will 
increase. This same cffect can be achieved by mounting a eonductor in thè 
immediate vicinity of thè lamp’s clectrodes and connecting it to the anode or 
cathode lead. No similar effect has been observed for magnetic fields. 

The changos in breakdown voltage due to the foregoing conditions are 
pronounced when the lamp is in total d arkness. but ha ve negligiblc effect when 
thè lamp is in norinàl. ambient lllumination. Electrostatic fields have no 
noticeable effect upon thè maintaining voltage. 

TEMPERATURE EFFECTS 

The riring voltage and maintaining voltage of glow lampa have a negative 
temperature characteristic. This temperature change is about 40-50 millivolts 
per degree Centigrade. This varfation wlth temperature has different effeets 
depending upon the application of the glow lamp. For example, in the sawtooth 
oscillntor configuration descrlbed in Chapter Two thè frequenc.v may either 
increase or decrease with increasing temperature depending upon thè particular 
operating conditions. For use as a voltage regulator this temperature change 
results in the regulating voltage decreasing wlth increasing temperature. 

The glow lamp should never be used intemperatures exceeding 300’ F and it 
:s recommended that when the glow lamp is used as a Circuit component, opera- 
Uoo should be llmited to the temperature range of -60' F to +165° F. 

RAD1ATION EFFECTS 

Tests have been made on glow lampa in operation as sawtooth oscillatore 
under continuous gamma radiation up to levels of 1.2 x 10* Roentgen per hour. 
So appreciable or consistent changes were observed in the frequency, firing 
oitage or extinguishing voltage of the glow lamps which were tested. The results 
from these tests and from other reports indicate that short lime operation of 
gio-* lamps is not appreciably affected by radiation even though the radiation 
may reach rather high levels of intensity. 

If glow lamps remain under radiation, the glass of the lamps will gradually 
orgin to color, starting from a llghl brown and progressively darkening. Pro- 
.-nged radiation causes the glass to become brittle and the lamp mav ultimately 
cr»ck, thus destroying the lamp. 

M1SCELLANEOUS - 

After operation on direct current for some lime, glow lamps wlll tend to 
fKlariite and a substantial difference between breakdown voltages will appear if 
poUrity is reversed. 

Glow lamps are also sensitive to the presence of high-intensity radlo- 
"r+quency fields, since the gas will glow in such a field. 

If the lampis surrounded by a metal shield during conduction, the capacitancc 
brtween the electrodes and the shield will increase with increasing lamp current. 
Ni accurate data on this phenomenon is now available. 
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If placed in Storage for prolonged periods of time some glow lampa exper- 
ience a rise in initial brcakdown voltage. Subsequent breakdowns will be at or 
dose to thè originai level. This phenomena is called "standing rise" and, 
when It occurs. can cause a change occasionally above 5 volts troni those 
breakdown values cxperienced prior to Storage. High quality lamps, such as thè 
5AG-A, recelve special treatment and tcsting in order that lamps experiencing 
appreciable standing rise can be eliminated. 

Equivalent Circuiti And General Formulae 

When non-conducting, a glow lamp may be treated as a large resistane^ 
(normally in thè megohm range) shunted by a capacitance of about one micro¬ 
microfarad. 



Fig. 1.4. Equivalerti Circuii! far die Gfa» Lane 


When operating. thè lamp may he eoHfdered ae a < 
wlth a dynamic internai realrtiTf and iatataace. al 
by thè shunt capacitance nurtioawl abate (ntRg-l-h- 
(Ri) and inductance (L.) are iwaHarir.Miaflict-gt mm 
through thè lamp. The D.C. rata» c4 B. la gg ean by da 
of thè charactertstic curve at ti 
thè counter E.M.F. «designate»! as V.» a 
conditions in Figure 1.5. 




It can readlly be seen that thè counter E.M.F. must be subtracled from tlv 
supply voltage when making DC lamp current calculations. Thereforo: 
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where Is thè supply voltage, V„ thecounter E.M.F.. Ri thè internai resistance 
of thè lamp and R, all external resistance in series with thè lamp. 

It is also possible lo approxiinate maintaining voltage (V m ) through thè use 
of thè formula: 

V -=V 0+ IRi (1.2) 

In a similar manner, extinguishing voltage (V e ) can be approximated as: 

v, =* v„ + .012 /r 7 a.3) 

Rated Life And Aging 

In order to appreciate thè parameters involved in setting thè rated life of 
a glow lamp it is necessary to consider separately thè two basic glow lamp types 
—standard brightness and high brightness. 

STANDARD BRIGHTNESS LAMPS 

Standard brightness types, such as thè AIA and 5AB, will continue to light 
for an indefinite period if glvcn proper care and operated under suitable voltage 
^*u. C K. rrent condlUons - However. their uscful life is genernllv limited bv slow 
bulb blackening with consequent rcduction in lamp brightness, and by a graduai 
nse in brcakdown and maintaining voltages. For these reasons. those standard 
brightness types used purely for visual indication are said to reach end of rated 
life when their light output has decreased to 50% of its initial value. 

Obviously, it is thè change in breakdown and maintaining voltages which 
are of primary interest when thè lamp is used as a oircuit component, and thè 
rated life of lamps intended for Circuit component application is therefore 
based upon this change. The lampspecifications in Chapter Six show thè average 
voltage changes which can be expected to occur after operation at design current 
for a stated number of hours. Some glow lamps are made to special tolerances 
or ranges. One examplc is thè breakdown voltage of thè 5AB- A, which remains 
within its initial tolerances for a stated number of hours. 

For currents up to approximately one milliamp, thè useful life of standard 
brightness glow lamps, either as a visual indicator or as a Circuit elemcnt, is 
inversely proportional to thè third power of thè lamp current. For example, thè 
rated life figure of a particular neon lamp mav be either multiplied or divided 
by eight by either reducing thè current to one-half normal rated current or 
doubling it, respectively. 

Operation ni' these types below 50 microamperes should be avoided for 
several reasons, among them thè possibility of operation in thè negative 
resistance portion of thè lamp characteristic curve. 



Fig. 1,6. Typical Firing Voltage Change osa FunctionofOperating Time 
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Figure 1.6 shows typlcal Ufe-voltage curves for groups of AIA lamps run 
at .3 and .15 milliampercs. 

An exception to many oftheforegoingstatements is thè 5AH family. Although 
standard brightness lamp, thè 5AH family has thè ability to carry considerabl.v 
greater curront than most glow lamps. Tts life is inversely proportional to thè 
5th power of thè current. For best resulta thè 5AH family should not bc opcratcd 
below 1.5 milllamps. 

In generai, thè lite of a standard brightness glow lamp on DC is about 60% 
of thè life expected on AC, when thè DC current is equal to thè RMS AC value. 
Ilowever, when equal DC and RMS AC voltagcsand equal reslstances are utilized 
life will be approximatcly thè sanie. 

HIGH BRIGHTNESS I.AMPS 

The high brightness lamps, on an equal life basis, ha ve about ten times thè 
brightness of thè standard brightness types. In addition, light output remains 
quite Constant throughout most of lamp life. They are thus suited for use with 
photoconductors and other lìght-activated semlconductors. 

Their faiiure mode is also somewhat different from thè standard brightness 
types. Instead of a gentle rise in breakdown and maintaining voltage throughout 
life which eonlinues ad infinitum, thè high brightness lamp, near end of life, 
experiences an abrupt upward ehange in breakdown and maintaining voltage which 
continues unabated unti! breakdown voltage has reached thè 120 volt AC supplv 
voltage and the lamp will no longer start. 

The lamp is also considerably more erratic in its eloctrical behavior than 
is the standard brightness lype. Tanges In breakdown and maintaining voltage 
initially are greater than those associated with standard brightness types, ami 
changes throughout life can be expected to be more severe. No reallv satis- 
factory method of stabilizing this lamp type bas yet been advanced. For this 
rcason General Electric does not recommend this lamp type where criticai 
voltage characteristics are a necessity. 

For currents up to approximately 6 milliamps the usoful life of high bright- 
neBs glow lampa is Inversely proportional to about the slxth power of the average 
lamp current. 

Operation of this type below 1 millinmp should be avoided for the reasons 
stated earlier. Life of the high brightness lamp on DC is approximately hall 
that for equal RMS AC operation. 

GENERAL 

In both the standard and high brightness types, thè groatest changes in 
breakdown and maintaining voltages occur during thefirstlOO hours of operation 
at rated current, after which the voltage levels ehange only slightly for the rc- 
maining life of the lamp. These changes may be either a rise or a drop in 
voltage. There is some evidence that lamps having a low breakdown voltage 
initially ehange the least and usually upward, while those having a high initial 
breakdown voltage generally decrease with age. 

Mnny mothods for aging or seasonlng glow lamps have been auggested and 
tried, in an attempt to accelerate the process. However, most of these methods 
have some disadvantage, Scasoning at high currents for short periods of timo, 
for example, usually does a temporary job because the breakdown voltage 
generally drifts back toward its initial value. When glow lamps are run or 
pulscd at exces9ively high current to accomplish seasoning, rnuch of the useful 
life may be used up before the lamps are actually put to work. In generai, the 
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niost satisfaetory method of aging is to operate thè lampa at about twiee their 
ratecl current for twenty-four hours, and then to follow this by anolhcr twentv- 
four hour period during whieh thè lampa are operated under thè circuii conditions 
to which they will bc subjected. Exceptions to this rule-of-thumb mlght be 
thè 4AB, 4AC, 5AH fomlly, and 5AJ family. (See data sheets on these lampa in 
Chapter Six for aging instructions.) 

Se ver al circuii component glow lamps are subjected to an aging treatment 
to enhance their stabi lity prior to voltage selection. Among these tvpes are thè 
3AG-A, 3AG-B, 3\0-C, 5AB-A, 5AB-B. 5AB-C. 5AC, 5AG, and 5AG-A. After 
operatlon on direct current for some timo, glow lamps will tend to polari/.e, and 
a substantial difference In breakdown voltage will occur if thè polarity ìs re- 
versed. For this reason, a colored dot is used to mark anode polarity on all 
preaged, circuii component types. Lamps which are not preaged by the manu- 
facturer should be put through un aging schedule before they are used in an 
application where voltage tolerances are criticai. 

In many Circuit application the glow lamp will be pulsing on and off rather 
than having a steady current flowing through it. In such appllcations the duty 
cycle of the lamp may be so small as to exlend its useful life to many times the 
life it would have if in continuous operatlon. Peak currents, pulse waveshape, 
and pulse lime duration all influence life under these conditions. If these factors 
can be determined, through the use of a scope or other means, an approximation 
of life performance can be made. The current waveshape should flrst be raised 
to the appropriate power—third for standard brlghtness lamps, slxth for high 
brightness, etc.—and then integrated. Life will vary as thè inverse ratio of 
the resulting “steady state” current and the rated current,raised to the appro¬ 
priate power. 

It is well to remember that stnee the glow lamp is a cold cathode device its 
useful life is not being consumed during the lime it is not drawing current. This 
is partieularly important in many logie operations where a glow lamp may be in 
an off condltion for a large percentage of the equipment’s operating Urne. 

Darkcning of thè glass walls of a glow lamp Is caused by the deposition of 
parttcles lost from the cathode during thè severe ion bombardment of norma! 
operation. This continuai disintegration of the cathode surface is referred to as 
8puttering. This loss of cathode material is also a determining factor in the 
useful life of the lamp. 

Light Output 

The use of a glow lamp as a Circuit component has the added advantage 
that its light output may often be an indication of its state of operation or even 
an indication of the amount of current flowing through the lamp. In addition, the 
glow lamp may be used as a polarity Indlcator since the glow is confined t p thè 
cat hode reffion. _—- 

The light output of all glow lamps varies in direct proportion to the current 
/through the lamp. The light from neons is confined mainly to the yellow and red 
regions of the spectrum between 5200 and 7500 Angstroms. A band of energy 
in the infrared region between 8200 and 8800 Angstroms is also emitted. Spectral 
distribution curvcs for both the standard and high brightness types are shown 
in Figures 1.7 and 1.8. The efficiency of the standard brightness type is low, 
averaging about .06 lumens per milliamp. The high brightness types average 
| .15 lumens per milliamp, about three times that of the standard brightness 
Howcvcr, because of the ability of the high brightness lamp to withstand hlgher 
‘ currents, its light output is about ten times that of the standard brightness lamp 
when the two are compared on an equal life basis. 
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Although thè low efficiency of thè neon typcs severely limite their usage 
as an illuminant, they are wldely used as indicatore etnee operation at even 
a few mioroamperes of current will gl ve an eaeily visible indication. 

Spectral distribution curves of thè argon and thè helium-argon glow lamps 
are shown in Figuree 1.9 and 1.10 respectively. The argon lamp, becauee of ita 
output in thè near ultraviolet, linde coneiderable usage as a marker for high 
speed photographic purpoees and also as a source of black light energy. 
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The neon glow lamp has found extensive circuii component use as a switch 
in relaxation oscillator applications. The twobasictypes of rolaxation oscillators 
are thè sawtooth oscillator and thè astable (free running) multivibrator. This 
chapter will present various configurations of each type of glow lamp relaxation 
oscillator and will examine their operating characteristics. Design aids will 
be given to assist thè Circuit designer in utilizing thè glow lamp in his Circuit 
applications. 

GLOW LAMP SAWTOOTH OSCILLATOR 

The sawtooth oscillator utilizes a glow lamp which serves as a switch to 
cause a capacitor to alternately charge and discharge. The two basic configura¬ 
tions of thè sawtooth oscillator are shown in Figure 2.1 with representative 
waveforms shown for each Circuit. 



(a) (b) 


Fig. 2.1. Basic Sawtooth Oscillator Configurations 

The frequency of oscillation for each type of oscillator is determined by 
thè values of thè associated Circuit components, thè supply voltage, and thè 
operating characteristics of thè glow lamp. The lower frequency of operalion 
is essentially unlimited; however. thè upper frequency is normally limited by 
thè glow lamp due to thè time required for thè ionization and deionization of 
tire gas. The upper frequency limit for normal sawtooth operation is on thè order 
of 20 kiloeyeles per second. 

The peak-to-peak voltage amplitude of thè output signals is thè difference 
between thè dynamic fi ring and extinguishing potentials of thè particular 
lamp being used. The output voltage amplitude varies throughout thè frequency 
range of operation due to thè changing values of thè dynamic firing and ex¬ 
tinguishing potentials. 

Basic Sawtooth Oscillator Operation 

As mentioned carlier thè operation of each type of oscillator shown in 
Figure 2.1 utilizes thè charging and discharging of a capacitor to generate 
thè sawtooth waveform. However, thè difference in operation between thè two 
types of clrcuits results in output signals of opposite poi ari ly. 

As thè voltage is applied to thè Circuit of Figure 2.1 a thè voltage across 
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thè lamp is initially zero slnce thc capacitor is not able to change its voltag- 
instantaneouslv. The capacitor then begins to charge toward thè supply voltale 
V with a time Constant r equal approximately to R times C. Since thè lamr 
is in thè non-conducting state ut this time, thè resistance of thè lamp is s 
large that its shuntlng effect is usually negligible. 

When thè increasing voltage aerosa thc lamp reaches thè dynamic break- 
down voltage V f , thè lamp switches into thè conducting state with thè current 
increasing to a relatively high value. The capacitor then begins to discharge 
toward ground through thè resistance of thè lamp. The dynamic lamp resistance 
in thè conducting state is variable depending on thè value of thè current flowing 
in thè lamp, initially having a value of a few thousand ohms. The capacitor 
thus quickly discharges with thè voltage aerosa thè lamp decreasing rapidi - , 
until it reaches thè dynamic extinguishing voltage V e . The lamp then switches 
to thè hlgh-resistance state with thè lamp ceasing to glow. With thè già - * 
lamp thus switched to thè high resistance state thè capacitor again begins t 
charge toward thè supply voltage and thè cycle repeats. In order that thè 
oscillations will be sustained certain operating conditions must bc met. Thes-- 
condilions will be described in thè next section. 



Fig. 2.2. Single Cycle of Typicol Sowtooth Output 


A typical low frequency steady-state output voltage waveform is shown 
in Figure 2.2. The various voltage levels are indicated in thè figure. T c is 
thè time during which thè capacitor is charging and T D is thè time during which 
thè lamp is fired and thè capacitor is discharging. For low frequency oscil¬ 
lations T d is much lesa than T c and therefore, thè period T Is approximateh 
equal to thè capacitor charging time T c . 

During thè time thè capacitor ts charging thè equation for thè voltage 
output waveform as a function of time is: 

v(t) = V c + (V-V c )(l-e Rc ) o< t< T c (2.1) 

at thc time T t : 

T c 

V, - V r +<V-V e )(l-e RC > ( 2 - 2) 

Solving for : 

T c - R C In (2.3) 

Assuming that T () « T c . which ts true for low frequency oscillations, thè 
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period of a single cycle T is then approximately equal to T c so that: 


T - RC 



V - 


V e 

V, 


(2.4) 


The frequency of osciliation is equal to thè reciprocai of thè period. 
Therefore, thè cquation for thè low frequency osciliation of thè glow lamp 
sawtooth oscillator is: 


f-i_ 

V - V, 

RC 10 v- V, (2 - 5) 

where In is thè naturai logarithm. 

Alternate equations for thc frequency of osciLlation are: 


f 1 

V - % 

2.3 RC log - V - - V ; 


(2.6) 


RC In (1 + 


V, 

V - V, 


(2.7) 


where V, is thè peak-to-peak voltage amplitude of thè output signal. 

Equation 2.5 is a good approxiniation to thè operating frequency for 
frequencies less than about 200 cps. Forthislower frequency region thè dynamic 
voltages V, and V t . may be approximated by thè DC firlng voltage V,. and thc 
DC maintaining voltage V M respectively so that for frequencies less than 200 
cps: 


(2.8) 



Fig. 2.3. 



Single Cycle of Typicol Sawtooth Output 


In Figure 2.3 is shown a single cycle of a typieal low frequency output 
signal for thè second type of basic sawtooth oscillator shown in Figure 2.1b. 
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equally well with positive or negative supply voltages, hearing in mind that 
better opcration is obtained by observing thè indicatcd polarlty (if any) of thè 
lamp. 




Fig. 2A. Volt-Ampere Characteristic Curve Showing Operating 
Conditions for Various Values of Load Resistance. 

The value of thè external resistor must be chosen so as to satisfy certain 
conditions for osclllation. These conditions will be determined by referring to 
Figure 2.4 which shows a volt-ampere characteristic waveform similar to a 
typical glow iamp characteristic. The operating characteristics will be determined 
for three values of resistance R ( , R 2 and Rj whose load lines are represented in 
Figure 2.4 by thè line segments OA. OB, and OC respectively. 

Consider first thè case where R - R,. As thè supply voltage is applied to 
thè circuii thè capacitor begins to charge toward thè supply voltage and reaches 
thè equilibrium point M which is thè intersection of thè load line with thè char- 
acteristlc curve. In this case thè value of resistance R, Is on thè same order 
as thè “non-conducttng” resistance of thè lamp with thè result that not enough 
voltage is dropped aerosa thè lamp to cause it to fire. The voltage aerosa thè 
lamp will, therefore, rcmaln at a value corresponding to point M and thè circuit 
is unable to initiate oscillations since thè lamp is incapable of firing. 

Now consider the condition where R - R 2 . As thè supply voltage is applied 
to the Circuit the voltage aerosa the lamp is Intlally zero due to the parallel 
capacitor. As thè capacitor begins to charge up, the voltage aerosa the lamp 
increases along the characteristic curve to point P, the firing voltage of the 
lamp. The capacitor discharges through the lamp, increasing lamp current 
to point Q. As the capacitor then discharges rapidly, the voltage and current 
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of thc lamp fcillow thè characteristic curve nlong thè segment OS. A» tbe 
point S Is reached, thè voltnge must begin to rise as thè current decreisef 
(toward point U) but since thè passive elements of thè Circuit are ii*cap»K» 
of providing an incrcasing voltage for a decreasing current and thè value 
R, is too large to permlt sufficient current to flow through thè lamp to tr, - - 
tata conduction, thè lamp stops conducting and switches rapidly along a Con¬ 
stant voltage line to point T. The capacitor then begins to charge again toward 
thè supply voltage V and thè eyclc rcpcats. Therefore. since thè load lin> ' 
thè resistance R, intersects thè volt-ampere characteristic curve within 
thè negative resistance region represented by thè curve SP thè Circuit is 
incapablc of reaching an equilibrimi! point and will continue to oscillate 

If R is deercased stili further to thè value of R, thè lamp will begin 
conducting when thè liring voltage is initially reached and after switching 
to point Q thè capacitor will dischnrge through thè lamp until point N is reachei 
which is thè point of intersection of thè load line with thè volt-ampere char¬ 
acteristic curve of thè lamp. This point is a stable point where thè value 
of resistance Is low enough to provide a sufficient current lo tnaintain con¬ 
duction through thè lamp. The lamp will, therefore, remain in this conductinr 
state and will not oscillate. 


Design of Glow Lamp Sawtootn Oscillators. 

Due to thè nonllnear characteristics of thè glow lamp and thè variation 
of thè voltage parameters bétween lamps, predictlon of thè actual frequency 
of osclllation for any particular glow lamp ean only be approximnte. There¬ 
fore, if a Circuit is to oscillate at a given frequency thè design of thè circuii 
is often best handled by a trial and error appreseti. 

If thè frequency of osclllation is to be lesa than 200 cps thè parameters 
may be determined quite accurately by using equntion 2.5 or its alternate 
forma. In this case, thè firing and maintaining voltages for thè lamp should 
be first measured and then by choosing any two of thè parameters R, C, or V 
thè value of thè third may be determined froni thè equation 2.8. 

In addition to using equation 2.8 a number of curves have been obtained 
for three types of lamps giving thè average oscillating frequency as a function 
of R and C for severa) values of supply voltage. Thesc design curves are 
shown in Figures 2.5 through 2.10 and are for pre-aged 5AB, 5AG-A, and 
4AC glow lamps. The curves are helpful in determining thè approximatc 
frequency of oscillation for a given type of lamp cspecially for frequencies 
above approximately 200 cps where equations 2.5 through 2.8 are not appli¬ 
cale. The design curves of Figures 2.5 through 2.10 al so indicate typical 
values of resistance for use with thè differcnt types of lamps. As deseribod 
proviousl.v, thè value of resistance for which n Circuit is capable of oscil- 
luting depends upon thc intersection of thc resistance load line with thè volt¬ 
ampere characteristic of thè lamp. For oscillntions to be maintained this 
intersection must occur in thè negative resistance region of thè lamp 
characteristic. 
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Fig. 2.5. Operoting Frequencies os a Function of 

Resistente and Capacitonce. (5AB at 100V) 



Fig. 2.6. Operating Frequencies as a Function of 

Resistance and Capacitonce. (5AB at 150V) 
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Fig. 2. 9. Operating Frequencies as a Funcfion of 

Resistance and Capacitance. (4AC at 150V) 



Fig. 2. 10. Operating Frequencies as a Function of 

Resistance and Capacitance. (4AC at 225V) 
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The maximum value of resistance wlth which a Circuit will oscillate 
is normally greater ihan 50 megohms so that in most applications thè maxi¬ 
mum value of resistance will depond more on othcr considerations than on 
thè conditions for oscillation. On thè other hand, thè minimum value of resis¬ 
tance rcquired for sustainod oscillations is generally more criticai and is 
depcndcnt upon tho associated value of capacitance and thè supply voltage. 
In addition, among lamps of one type there is a variation in thc minimum 
useable value of resistance. 

Figuro 2.11 shows a typical range of thè minimum value of resistance 
rcquired for oscillation as a funetion of thè associated capacitance. The 
curve is for un 5AB lamp with n supply voltage of 150 volts. The value 
of minimum resistance increases as thè supply voltage increases. For thè 
5AB lamp Rmin at 150 volts Is approximately twice that at 100 volts. 

For generai glow lamp sawtooth oscillator applications thè range of 
resistance is normally hetween 1 megohm and 22 megohms. 

Once thè approximate circuii parameter values bave been determined 
and thc Circuit is oscillnting, thc desired operating frcquency mav bc ob- 
tained by variation of either R or C or thè supply voltage. Normally this 
final adjustment is best made by using a potentiometer in thè resistance 
branch of thè circuii. 



Fig. 2.11. Minimum Value of Resistance for Oscillation 
as a Funetion of thè Capacitance. 
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Operating Characteristics of Sawtooth Oscillatori. 

OUTPUT WAVESHAPE 

The shape of thè output signal from a glow lamp sawtooth OBctllator 
is detenni ned mnlnly by thè magnitudo of thè supply voltage and thè fre- 
quency of oscillatlon. 

Por supply voltages only slightly grcater than thè firing voltage of thè 
lamp thè output waveform will he quite rounded. By Incrcasing thè supply 
voltage thè rounding wlll deerease and thè output waveshape will become 
more linear as is desired when thè sawtooth output is to be used as a sweep 
signal or othcr Urne base generator. 

For low frequency oscillations thè time during which thè tube fires is a 
amali percentage of thè pericd of thè signal and thè resulting waveshape is a 
typical sawtooth signal. An example of such an output is shown in Figure 2.12. 



Fig. 2.12. Typical Sawtooth Oscillator Low Frequency Output. 

As thè frequency of oscillation incroases thè Urne required for thè ioniza- 
tion and de-ionization of thè gas become a more appreeiable part of thè total 
period. Thus, a rounding of thè waveform at thè discontinuities occurs. In 
addition, thè time required for thè capacitor lo either charge or discharge 
through thè fired lamp beeomes an increasingly largar perce ntag e of thè total 
period. These effects are shown in Figure 2.13 for a 5AB lamp osciiiating at 
a frequency of 7150 cps. 



Fig. 2.13. Typical Sawtooth Oscillator High Frequency Output. 

Although thè normal upper frequency limit for sawtooth oscillations is 
about 20 kilocycles per second, glow lamps may often switch into sinusoidal 
oscillations at frequeneies approaching 50 kilocycles per socond. Figure 2.14 
shows a tvpical output for a 5AB glow lamp operating in this sinusoidal 
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at approximately 200 cps then decreases to a minimum at about 4000 cps after 
which thè responae again rises until oscillations ceasc. The difference between 
thè maximum and minimum valuea on thè curve is about 5 volts. The responso 
curve for thè firing voltage when plotted and extended to frequencies less 
than .1 cps tends to approach thè DC firing voltage. 

The response of thè dynamic extlnguishing voltage Ve as a function of 
frequency is a more complicated phenomenon since Ve is also a function of 
thè vnlue of R and C used in thè oscillator Circuit. Figure 2.16 shows a typical 
family of curves for Constant values of resistance R with thè capacitance C 
varied to change thè frequency. 

From thè curves it is seen that thè lowest extinguishing voltage is obtained 
for thè largest valuc of resistance and in this case occurs at approximately 
1000 cps. In addition. thè extinguishing voltage is essentially independent of 
thè value of resistance for very low frequencies and is approximately equal 
to thè DC maintaining voltage. 

Since thè extinguishing voltage is dependent upon thè value of thè external 
resistance R. while thè firing voltage is noi, thè difference between these two 
voltages is also dependent on thè value of R. The difference between thè dynamic 
firing voltage and thè dynamic extinguishing voltage is thè peak-to-peak 
amplitude of thè sawtooth output signal which is designated by V,. 



Fig. 2.16. Variotion of Extinguishing Voltage - Constant Resistance. 

A typical plot of V» versus frequency is shown in Figure 2.17 for a fifteen 
megohm resistance. In this case V, varies from a low frequency amplitude 
of about 18 volts to a maximum amplitude of about 32 volts at 500 cps. This 
amplitude variation wlth frequency is greater for larger values of R than it is 
for smaller values of R due to thè dependence of thè extinguishing voltage 
on thè resistance as shown in Figure 2.16. 
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Fig. 2.17. Variation of V, as a Function of Frequency - 
Constant Resistance. 

From thè Corego! ng it is seen that .thè maximum peak-to-peak output signal 
for a particular 5AB glow lamp is normally obtained by operating thc oscil- 
lalor in thè frequency reglon of 200 - 2000 epa and by using a largo value 
external resistance. 

As shown previously, thè equation for determining thè low frequencr 
oscUlating frequency of thc basic sawtooth generator is: 


In investigating how valid this equation is over thè entire rango of operating 
frequencies thè nbove equation is altered by thè addition of a multiplying factor 
a and then a is evaluated as a function of frequency. The revised equation is 



Fig. 2.18. Deviotion of Operating Frequency from Low 
Frequency Equation. 
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Figure 2.18 shows a typical plot of a ns a function of frequency. Note 
that n la essentially Constant up to a frequency of about 200 cps and then 
begins to rise. The value of a in thè low frequency region is 1.05 and was 
very consistcnt among thè 5AB lampa tested. Thus, n more accurate equation 
for thè design of 5AB sawtooth oscillators in thè low frequency region la: 


1-05 RC In ^ ~ y <2- 17 ) 


TEMPERATURE EFFECTS 

Glow lamp oscillators which are to be used under changing temperature 
condì ti ons may be expected to have varying characteristics as a function of 
thè temperature. The variation in frequency is essentially linear with tem¬ 
perature but thè degree and direction of change from thè frequency at room 
temperature appears to be dependent upon thè frequency of operation. The change 
in frequency with temperature may go as high as about 1.5$ of thè frequency at 
room temperature per 10"C change in temperature. The dynamic breakdown 
voltage and dynumie extinguishing voltage each decrease as thè temperature 
incrcases but thè rate of decrease is again variable between lamps nnd under 
differcnt opcrating conditions. 

Glow lamps will operate properly as sawtooth oscillators over a temper¬ 
ature rango of -50 to t80 degrees centigrade (-58 to *176 dcgrecs Fahrenheit). 
The glow lamp should never be used in ambient temperatures exceeding 
300'F and it is recommended that when thè glow lamp is used as a Circuit 
component operation should be limited to thè temperature rango of -60 F to 
>165F. 


TIME STABILITY OF OSCILLATORS 

When employing glow lamps in osclllator configuration» three types of 
time variations may be encountered. The tirsi is thè short terni frequency 
instability which requires a length of time before thè circuii has reached 
a steady frequency of operation when thè lamp is being used for thè first timo 
or after it has not been used for a period of time. The second type of time 
variation is a graduai change in frequency of oscillation as thè lamp parameters 
change with age. The third type of time variations found in a limited number 
of lamp types is a rnndom change in frequency of operation caused by a rapid 
change in lamp parameters. 

These variations in operating frequency are normally thè result of a change 
in either, or botti, thè firing voltage and extinguishing voltage of thè lainp. 
Such changes can be minimized by employing thè following practices: 

Initial short term lnstabilities may be reduced by pre-aging or seasoning 
thè lamp. (See Chapter Six for procedure.) Each seasoning procedure should 
have a period of time where thè lamp is operating very near thè Circuit con¬ 
ditions. If thè lamp has been thoroughly seasoned and is quiescent for a day 
or more there stili may bc a shift in frequency of a few per cent during its 
first few minutes of operation. 

The second mentioned instability, changes throughout life, may bc mini¬ 
mized by operation below rated lamp curront. Extremely low cùrrents can 
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lead lo thè third type of instability. These changes, of course, can be com- 
pensated for by Circuit adjustment if thè Circuit is criticai. 

The third type of instability may be encountered particularly when using 
thè high voltage 4AB and 4AC. These lamps resuit in higher output voltage 
but may produce siight erratic changes in frequency due to a rapid shift in 
thè lamp parametcrs as thè cathodc glow changes location. Frequency varia- 
tions are normally quite small and may be minimized by operation near thè 
lamp’s ruted current. 

Since all thè above frequency changes aro accompanied by changes in thè 
firing and extinguishing voltages of thè lamps thè peak-to-peak voltage ampli - 
tude of thè output will normally change as well. 

Operatine Environment of Lamps. 

When designing glow lamps into oscillator circuita some consideratioa 
must be given to thè envlronment in which thè lamp is placati. In additine to 
thè effeets of temperature which have already been mentloned. otber condì:, -ns 
which must be considered are thè presence or absence of ligbt or other ex- 
ternal ionlzing source and thè action of stray fields upon thè lamp. 

The spoed of ionization of thè gas in a lamp depends on thè state of thè ex* 
at thè time voltage is applied to thè lamp. If a lamp is in complete ■ -- 
with no other ionizing source present thè Urne for ionizh^ tfce gas mmf he 
rchitivcly long. Thus, a lamp which is operated fa thè darli may bave aotirch 
dlfferent frequency than il will have when operated in light. Severa! t-.-pes :< 
glow lamps have a radioactive additive fa thè aeoo gas to mlatadae Ma dtf- 
ference in lamp operating characteristica. Hosever. for verv stafcie lai coe- 
sistent operation, some source of llght should be provided for thè l«-p 
This llght is easily obtaincd by thè use of inother neon lamp which is coo- 
tinuously conducting in thè vlcinlty of thè glow lamp being used as an oscillator. 

Stray fields such as thè 60 cycle AC fields from power linea may often 
affect thè firing voltage of thè lamp resulting in an output which will vari- in 
both amplitude and frequency at thè rate of thè stray flcld. This interfere net-may 
be effectively reduced by enclosing thè lamp in a grounded metal container 
or wire mesh shield. 

When thè oscillator capadtance is of such a small vaine that thè stray 
capacitance has an effoct on thè operating frequency it is recommended that 
thè lamp be olamped firmly in place so that thè lamp may not be moved and 
thus change thè capacity shunting thè lamp. This is particularly important 
when thè stray capacitance Is used as thè only capacitance in thè oscillator 
Circuit which may be required when high operating frequencies are desired. 

GLOW LAMP ASTABLE MULTIVIBRATOR 

A second type of relaxation oscillator which employs neon glow lamps is 
thè astable or free-running multivihrator. The normal configuration employs 
two glow lamps with Associated resisterà and capacitors. The frequency or 
repetition rate is again determined by thè operating characteristics of thè 
lamps, thè oxternal resistnnee and capacitance, and thè supply voltage. The 
upper frequency limit of thè multivibrator is generally about 10 kilocycles 
per second. Several types of output waveforms are obtainable from thè glow 
lamp multivibrator. 

The basic multivibrator configuration is shown in Figure 2.19. The oper- 
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ation of thè multivibrator will first be described and thè equation for thè 
operating frequeney will then be obtained. 

' Avvs 

Fig. 2.19. Typical Glow Lamp Astable Multivibrator 
and Outpuls. 

Ab thè supply voltago is applied to thè Circuit of Figure 2.19 thè voltage 
aerosa thè two glow lamps begins to increase as thè stray capacitances parallel- 
ing the lamps charge up. The firing voltage of one of thè lamps will be reached 
first, since it is unlikely that both will reach their firing potentials at exactly 
the same tinte. Assuming that the firing voltage of NI is reached first, as the 
lamp flres the voltage aerosa it decrcases suddenly to the lamps maintaining 
voltage and this drop is coupled to the anodo of N2 by means of the capacitor. 
This negative going pulse is approximately equal to the difference between 
the firing voltage and the maintaining voltage of NI. The pulse which is coupled 
to N2 decreases the polential across that lamp thus preventing it from firing. 
At this Urne the potential across NI is approximately equa! to the maintaining 
voltage. 

The capacitor then begins to charge through the load resistor of N2 toward 
the supply voltage with a timo Constant of C times R 2 . As the capacitor charges, 
the voltage across N2 rlses until it reaches the firing potential of the lamp, 
at which time the lamp fires, decreasing the potential across N2 to the main¬ 
taining voltage. This sudden decrease in voltage is then coupled to NI through 
the capacitor, dropping the voltage across NI below the extinguishing voltage 
and hence NI switches to the high rcsistance state and stops glowing. The 
capacitor then begins to charge in the reverse direction and the cycle repeats. 

Figure 2.19 shows the outputs from the two lamps for a typical low fre- 
quency astable multivibrator. 

In order to determlne the equation for the osci Uating frequeney of the multi¬ 
vibrator, a single period is divided into two parts corresponding to the two 
different States of each lamp. Figure 2.20(a) shows the condition where N2 is 
fired and NI is non-conducting—corresponding to time T, and Figure 2.20(b) 
shows the condition where NI is fired and N2 is non-conducting—corresponding 
to time T*. 
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Fig. 2.20. Single Cycle of Output Waveforms 
Far thè period T| thè equation for thè voltage v, is: 

v 1 (l)=V iril -(V.,-V 1B2 ) + [V-V r , 1 + (V, 2 -V m2 )] <l-e"i^ ) 0<t<T, 

At t = T, : 

T, 

v r, - V ra , - V.j+Vp.j + O^- Vn.j + v i 2 -V in2 ) (l - e ” R,c ) 

Solving for T,: 


- RiC In - 


V +V„-V m , 


v-v,, 

wherc In is thè naturai logarithm. 
Similarly: 

V * V, - V - \ 


T, RjC In - 


V - V, 


n of thè individuai times T, and T,. 


( 2 . 18 ) 

( 2 . 19 » 

( 2 . 20 ) 

(2.21* 


(2.22* 
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Fìg. 2.22. Glow Loop Mu Iti v itato l o» wilh Co — on 
Cofhexle Resistance. 


Figure 2.22 shows another f< 
cathode resistance. The frequency al oscillane» ss 
is varied thus providing a method offre» 


The operation of glow laxnp multivi la 
operatlon of thè sawtooth oscillator. The 
and supply voltage are more criticai In ti» 
for thè higher frequenciea of oscillation thè swpìr roitage 
criticai. The result ia that even thougfc thè 
cloaely predicted by use of thè equations in this 
may requlre changes In thè parmeters In order to o 
waveforms and frequency. 




Fig. 2.23. Basic Muliivibrator Showing Stray Capacitonces. 

In generai, thè glow lamp muliivibrator is reliable for frequencies belo» 
about 2000 cps. The major requirement is that thè load resistance is not se 
largo that secondary sawtooth osclllations occur. The basic multivibrator 
Circuit is redrawn in Figure 2.23 showing thè stray eapacitances across 
thè lamps. Note that each lamp considered alone with its load resistor and 
stray capacitance forma a basic sawtooth oscillator. Figure 2.24 shows a 
circult in which thè large values of resistance bave resulted in unwanted 
oscillations superimposed upon thè desired low frequency. The low frequency 
is approjdmately 1 cps and thè high frequency oscillations are approximately 
1000 cps. 
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Fig. 2.24. Undesired Oscillotions Resulting from Too 
Lorge Values of Lood Resistor. 

, . D !f f i?“! ties with unwanted oscillations may normally bc avoided if thè 

th« d =» Slslanc f is k ept bclow uno megohm and care is taken to minimlze 
thè atray capaci lance s shunting thè glow lampa. 

mentioned Previoualy. stable frequenciea greater than about two 
kllocydes per aecond are usually obtained only when thè proper values of 

hteher thè' *“* 8 1 “ pp,y Voltnge are found experimentally. The 

higher thè deslred frequency becomes. thè more difficult it is to obtain thè 

Qune rL criUc n P . Ut ri f he Va ' Ue * the supply voitage in particular becomes 
A before consideration must be mado of the size of the load 
. ance - *! lg y. re 2 - 2a «hows a typical medium frequencv Circuit and out- 
Londary ^cillaUo^ 6 ° f ^ re8Ì8tance »* of a proper value to eliminate 


Fig. 2.25. Glow Lamp Multivibrafor. 

of D^Hin , f 1 ^ f r l0W . lanipS ln , muitivibrator circuita the normal precautiona 
be P ZrZ ffC extern “ 1 ,on ii in 8 «ources and proper shielding should 
be obscrved for best operation. The multivibrator circuii will perform in 
es entialiy thè asme manner as thè sawtooth osclllator in so far as thè effects 
of temperature, drift, radiation, etc. 

APPLICATIONS 

This acetion will describe a fow of the many posaible applications for the 
glow lamp in relaxation oscillator circuita. 

The Electronic Organ 

Electronic organa bave prcsented an interestlng glow lnmp application 
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in which thè lampa are used as Ione generators. A number of glow lamp 
sawtooth oscillators are used in frequency divider chains whore thè frequency 
of each oscillator is divided by two, corresponding to an octave changc, and 
is synchronlzed by either a master oscillator or bv some preceding oscillator. 
Generally thè highest frequency glow lamp oscillator in a particular chain 
is synchronized by thè master oscillator which is normally a vacuum tube or 
transistor Circuit. The following glow lamp oscillators in each chnin are then 
stepped down to one-half thè frequency of thc preceding oscillator. Synchroni/a- 
tion of each oscillator is required since unsynchronized glow lamp oscillators 
do not ha ve thè degree of stability required for organs. 

One type of synchronizatlon which has been used successfully in organ 
applications is shown in part in Figure 2.26. The sawtooth oscillator is com- 
posed of two glow lamps with resistor R, and capacitor C. as thè main frequency 
detcrmining elements. The synchronizing signal is fed to thè common terminal 
of lamps NI and N2, thus offering a high impedenee to thè sync signal. Capacitor 
C, has a value approximately onc-tenth thè value of Cj so that thè total capai*i- 
tance of thè branch composing C, and Cj Is approximately equal to C,. The 
output signal at frequency fo/2 is thus reduced by a factor. c | ^ l c? a 0.1. Capacitors 
C 3 and C 4 form a voltage dividing network for tlie sync signal of thè following 
stage. The values of capacitors C s and C 4 are nbout equal and thè total capacitane- 
of thè branch composed of C a and C 4 is much less than thè value of C, : therc- 
fore, C, and C 4 bave a negUglble cffect on thè frequency determining unita. 
The following stage is synchronized by thè Sharp negative pulse as thè capacitors 
discharge through thè glow lamps NI and N2. The configuration of thè capacitive 
network has thè added advanlage that thè pulse generated aerosa lamp N-l when 
It fires is greatly attenuateci in thè back transmlssion path to thc output at 


+V 



Tone Generator. 
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The 500 kilohm potentiometer with thè center arm to thè supply voltage 
provldes thè variable pulse width with essentially no changc in frequencv 
whcn thè lamp firing and extinguishing voltages are somewhat matched. The 
frequency of oscillation may be varied by changing thè value of C or thè 
supply voltage or both. The output is obtained from a 50 kilohm potentiometer 
which thus provides a variable nmplitude output with a maximum of about 
5 volta peak. The diode network is used lo flatten thè top of thè pulse which 
normally may have a deeided slope. This diode network may bo eliminated 
depending on thè particular application. 
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Fìg. 2.28. Squore Wave Generator. 


Time Delay Relays 



Fìg. 2.29. Time Delay Relay. 

Figure 2.29 shows a configuration in which a glow lamp is used to operate 
a relay after a time delay. After voltage is applied to thè Circuit thè voltage 
across thè capacitor bcgins to rise as in thè normal manner of a sawtooth 
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generator. When thè firing voltage of thè lamp is reached thè lamp fires 
allowing a flow of current to pass through thè relay. Wtth thè components 
properly chosen thè relay wlll then operate. A contact of thè relay can be used 
to seal thè relay In, thus providing a one-shot time delay relay. 

In thè Circuit of Figure 2,29 a miniature reed relay is used. The coil 
is wound of 15,000 tums size 44 copper wire with a resistance of 3500 ohms. 
The time delay for thè component values as shown is about 20 seconda. 





Fig. 2.30. Repetitive Time Deloy Relay. 

Figure 2.30 shows another type of time delay relay in which thè relay 
cycles on an off instead of sealing in as did thè relay of Figure 2.29. When 
thè rising voltage aerose capacltor C t causcs thè glow lamp to fire thè resultant 
current flow is amplified through transistore Q, and Q 2 and energlzes thè 
relay. The glow lamp quickly drops out of conduction thus placing a very high 
impedance between thè K,C| charging network and thè transistor network. 
Capacitor C2 then begins to discharge through thè high input resistance of 
transistor Q, which causes thè collector voltage of Qj to slowly rise. When thè 
voltage aerosa thè relay reaches thè dropout voltage thè relay de-energizes 
and thè cycle repeats. 

If one contact of thè relay is used to shunt C| thè capacitor is not allowed 
to charge up while thè relay is cnergized. In addition,thè capacitor voltage 
is decreased to near zero potentini thus resulting in a longer charge time. 

For thè Circuit of Figure 2.30 employing thè reed relay of Figure 2.29 
thè total cycle time is 55 scconds, with thè relay energized for 15 seconda 
of thè cycle tlme. -. - «- 
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Alorm Circuii 



Fig. 2.31. Glow Lamp Audio Alorm Circuit. 


By making use of two sawtooth oscillators wilh one modulating thè other, 
n signal can be produced which may be used as an audio siren or alarm. 
Figure 2.31 shows one method employlng Ihis technique. The first neon 
oscillator oscillates at a low frequency and thè output signal is used to modulate 
thè supply voltage for thè second oscillator which operates at u higher fre¬ 
quency. The varying audio frequency signal when used as an input to a speaker 
System gives thè effect of a siren and may be used for alarm purposes. 

Ughi Indicotor 

The output frequency of a glow lamp sawtooth oscillator is a function 
of thè load resistance in series with thè lamp and by varying this resistance thè 
output frequency may be varlcd. Figure 2.32 shosvs a sawtooth oscillator 
employlng a photoconduetor as a variable resistance. Thus thè output frequencv 
of thè oscillator is n function of thè iight incident upon thè photoconduetor. 
thè resistance of thè photoconduetor decreasing for increasing light intensità. 
The variable frequency output may be used to providc a signal for a speaker 
System thus giving an audio indication of thè light on thè photoconduetor. 



Fig. 2.32. Light Indicotor. 


By using a potentiometor to shunt thè photoconduetor. thè starting conditlons 
of thè oscillator may be somewhat controlled. Thus the oscillator may be 
adjusted so that it will begin to oscillate only when a ccrtain level of dnrkness 
surrounds the photoconduetor. Also by propor selection of thè photoconduetor. 
resistance, capaeitance, and supply voltage the lamp may be made to oscillato 
in the dark and not in the light. or alternatcly to oscillate in light are! to cease 
oscillatili in the dark. The output may then be used as a signal source for a 
speaker System which will givo an audio indication of the absence or presence 
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of light in an area which may be inaccessible to thè individuai. A non-oscillatory 
circuii for sensing light levels will be described under Miscellaneous Applica¬ 
tions in Chapter Four. 


Temperature Indicator 



Fig. 2.33. Temperature Indicator. 

In a manner similar to thè light indicator above, a thermistor may be 
userl as a variatale resistance in a glow lamp oscillator Circuit as shown in 
Figure 2.33. The thermistor has a resistance which decreascs with increasing 
temperature. The frequoncy output of thè oscillator is thus a function of thè 
temperature of thè environment in which thè thermistor is placed and the signal 
may be used to indicate temperature cither by direct frequenoy measurement 
or by using the output to provide a signal for a speaker system and thus giving 
an audio indication. Non-oscillatory circuita for sensing both temperature 
and huinidity levels will be described in Chapter Four. 
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LOGIC AND COMPUTER 
APPLICATIONS OF GLOW LAMPS 


THE BINARY NUMBER SYSTEM AND LOGIC OPERATIONS 

Before applying glow lamps to logie and computer systems some fundamentals 
of thè binary number System and of logie operations will be given. 

The Binary Number System 

The use of two-level coding, commonly called binary coding, is thè simplesl 
way for uniquely labeling or dcscribing a signal or event. Binary coding involves 
thè use of two-level identi fi catione such as “yes” and “no”, “one” or "zero” 
(“1” or “O”), or twodifferent voltage levels. The binary System is of value since 
it reduces Information to a series of “yes” and “no” type represcntations in 
faci, any question which has a definite answer can be answered by a certa;n 
number of “yes” and “no” replies if thè questiona are properly ordered and 
phrased. 

In our familiar decimai number System a number is defined by thè suiti of 
each of it’s constituent numbers times 10 to thè appropriate power. Thus; 

1963 = Ixl0 s +9xl0 ! +6x10'+3x10® = 1000 + 900 + 60 + 3 

(note: 10® = l) 

This may also bc thought ol'as 1 unit of thousands, 9 unita of hundreds, 6 unita 
of tene, and 3 unita of ones. Likewise: 

.638 = 6 x 10*' + 3 x 10-* + 8 x 10-* = .6 + .03 + .008 

\Ve refer to thè decimai number System as a base ten System. The base of our 
number svstem also defines thè number of multipliers (1,9,6, and 3 in thè first 
example) which are taken times each power of ten. Thus in thè decimai number 
System we are restricted to thè ten numbers 0, 1, 2, 3. 4, 5, 6, 7, 8, 9. 

The base two or "binary" number System utilizes thè number 2 (instead of 
10, as in thè decimai System) taken to thè appropriate power. Consequently thè 
number of » Itlpliers is limited to Just 2 values - 0 and 1. A few examples of 
binary numbers will show thè slmilarity to thè decimai System. 

10101 -Ix2* + 0x2 3 + lx2 2 + 0x2’ +1x2® (binary) 

= 16 + 0+ 4 + 0 + 1= 21 (decimai) 

.1101 = 1 x 2-' + 1 x 2-* + 0 x 2- 3 + 1 x 2- 4 (binary) 

= .5000 + .2500 + 0 + .0625 = .8125 (decimai) 

11.01 = 1 x 2» + l x 2° i 0 x 2-' + 1 x 2-* (binary) 

= 2 + 1+ 0 + .25 = 3.25 (decimai) 

Note that thè “binary point” separates thè negative powers of two from thè 
positivi: powers of two (including zero) Just as thè “decimai point” performs in 
our more familiar decimai number system. 

Any decimai number may be converted to a binary number and vice versa. 
Thereforo thè normal mathematica) operations of additlon, substraction, mult- 
plication, and division may be performed on binarynumbers in thè sanie manner 
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10100 + 101 = 100 20 + 5 = 4 



101 20 
ÒÒ0 


Notice that as we have lowcrcd thè base of our number system from 10 to 2 
we have at thè sanie Urne increased thè number of characters necessary to detine 
a number. For example, while we require only 3 places in thè decimai System 
to define decimai 100 we now require 7 places in thè blnary System. Why, then, 
is such extensive use made of thè binary System in thè digitai computer? 

The answer is that there are.a number of electrical and mechanical com¬ 
ponente such as glow lamps, diodes, and switches which are basically two state 
devicea capable of being quickly and accurately switched from one state to thè 
other. Higher state devices, such as three level devices, are not so readily 
obtained and are increasingly more difficult to control. In addition a “yes” and 
“no” type system of information is thè simplest way for unlquely describing a 
signal or event. Thus thè most common basic number system used in digitai 
computer and logie operations is thè binary or two-stalc number system. 


Fundamental Logic Operations 

The three basic functions involved in logie operations ore defined as AND, 
OR, and NOT operations. The inputs and outputs will symbolically be given as 
capitai lettera (A, B, C, etc.). Ingenerai, to show thè state of thè input and output, 
thè numbers “1” and "0” will be used, where a “1” indicates thè presence of a 
signal and a "0” indicates thè absence of a signal. The notation used for these 
functions and their definitions are llsted in Figure 3.1 (a). 
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A. B. C. etc. 

Symbols Used In Equations 

AB, A • B. (A) (B) 

A and B 

A + B 

A or B 

À 

Not A 

1 

"Trae" or "Or” 

0 

"False" or "Off" 


(a) DE FINITI ONR 

Commutative Laws 

A + B = B + A, AB = BA 

Associative Laws 

(A + B) + C = A + (B + C), (AB) C = A (BC) 

Distributive Law 

A (B + C) = AB + AC 

Special Distributive Law 

(A + B) (A + C) = A + BC 

De Morgan’s Theo rem 

A + B = AB, AB = A + B 


(b) LAWS 

1 = 6 

0=1 

A + A = A 

A • A = A 

A + 1 =1 

A • 1 = A 

A + A = 1 

A • A =0 

A = A 


A + AB = A (1 + B) = A 



(C) RELATIONSHIPS 


Fig. 3.1. Logic Definitions and Boolean Algebra. 

As will be seen shortly logie funetions may be representated in equation forni 
and algebrale operations perforili ed on these equations. The mathemalics per- 
taining lo these operations is classified as Boolean algebra. Although no attempt 
to instruct in Boolean algebra will be mnrle hore, a sumrnary of thè main rules 
used in this branch of mathematica is listed in Figure 3.1 (b). In addilion there 
are a number of relationships listed in Figure 3.1 (c) which uid In simplifving 
logie equations. The reader is referred to thè reference lisi nt thè conclusion 
of this chapter for texts cn thè subject. 

The manner in which logie operations are formulated and reduced may best 
bc illustrated by an example. Suppose that we desire to use a logie System to 
automatically control thè time during which a lawn sprinkler is in oporation. 
Let X denote thè output of our logie opcration with thè value 1 denoting that thè 
sprinkler is to lurn on or stay on and thè value 0 to denote that thè sprinkler is to 
be turned off or stay off. 

Let us use thè following conditions for determining when thè sprinkler is to 
be operated: 

The first conditionis that ivo desi re thè sprinkler to operate between thè hours 
of GI»M and BPM. Thcn let thè variable A be a 1 during these hours of thè dav 
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and a 0 for all other hours of thè day. In a practlcal system a timing device 
could be used to provide 2 inputs dependent upon thè above conditions. 

Since it is generaily not desired to water a Inwn while it may be rainlng let 
thè variablc B be a 1 ff it Is raining and a 0 if it is not raining. Some type of rain 
detector Will provide thè input B. 

To provide a tnanual operation let variable C be a 1 when placed in manual 
operation and a 0 for automatic operation. If it rains while in manual operation 
thè sprinkler System should tura off. 

Finally let a fourth variable D operate from an on-off switch so thut a 1 places 
thè System in operation. either manual or automatic, and a 0 will stop thè 
system from working. 

There are thus four variablcs in thè logicproblem. In order to determine thè 
state of thè output for each of thè possibie input conditions a "truth-table” is 
made. In thè truth-table shown In Figure 3.2 for thè above problem each of thè 
16 possibie nrrungements of thè four variubles is shown and thè desired output 
for each comlition is listed in thè column X. 

With thè truth-table obtained. thè logie equation for thè system may be written 
down. For each output which is a 1 thè four variables are written down with thè 
AND operation connecting them. If a variable is a 1 thè letter is written directly, 
if thè variable is a 0 thè letter is written as a NOT. Thus for row four of thè 
truth-table of Figure 3.2 we obtain ÀBCD. 



Fig. 3.2. Trutn-Toblc for Sample Problem. 

Each row with an output of 1 is then conneeted together with an OR operation. 
Thus thè logie equation for thè truth-table of Figure 3.2 is: 

X * ÀBCD • ABCD > ABCD (3.1) 

The next step is to reduce thè equation, if reducihle, to a more simple form. 
One method of reducing is to use thè laws and relationships of Figure 3.1. 
For other methods of reducing Boolean equations thè reader Is rel'errcd to thè 
references listed at thè end of thè chapter. 
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One reduction of equation 3.1 would be thè following: 


X = (ABC + ABC + ABC) D (3.2) 

- (ÀC + A5 + AC) BD (3.3) 

= [ÀC + A(C+C)] BD (3.4) 

- (ÀC + A • 1) BD (3.5) 

X = (ÀC + A) BD (3.6) 


The final equation may now be described by a schematic diagram showing 
thè ordering of thè logie operations In thè problem. One type of schematic 
diagram is shown in Figure 3.3 for equation 3.6. In generai, severa! forms of a 
logie equation may be obtaincd and thè final form chosen is that which is most 
compatible with thè circuitry or equipment which willperform thè logie operation. 
The next step then is to obtain thè circuita which will perforai thè logie oper- 



Fig. 3.3. Block Diagram for Logic Equation of Sample Problem 

LOGIC CIRCUITS EMPLOYING GLOW LAMPS 

The operating characteristics of thè glow lamp malte lt an ideal device in 
logie circuita where high specd of operation is not important. The power con- 
suinption of these logie circuits is small and in addition thè circuits may be 
constructed al very low cost. The circuits may be designed so that small 
changes occurring in thè operating characteristics of thè lamp will have es- 
sentially no effect on thè operation of thè logie Circuit. In addition thè operation 
of these logie circuits is generally insensitive to small changes in thè supply 
voltagcs. This section will discuss thè use of thè glow lamp in ANI) and OR gates 
and then combine these glow lamp logie circuits with conventional NOT circuits 
to result in workable logie operations. 

Glow Lamp AND Gate 

Figure 3.4 shows thè basic conflguratlon for a glow lamp AND gate with 
two inputs. The supply voltage is chosen to be largar than thè firing voltagc of 
either lamp so that with thè inputs A and B at ground potentini one of thè lampa 
will be conducting holding thè output voltage V„ at thè maintaining voltage of 
thè conducting lamp. Normally thè conducting lamp will be thè lamp which has 
thè lowest firing voltage. The normal operation of thè AND gate resulta in a rising 
output signal only when both of thè input voltages rise. 

Two slighlly different modes of operation exist for thè AND gate depending 
on thè magnitudo of supply voltage. Consider first thè case where thè supply 
voltage is only sllghtly in exccss of thè breakdown of one of thè lamps. Re- 
ferring to Figure 3.5 assume a supply voltage of +80 volta with V F1 ; 75 volts, 
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condiletlng and thè output voltage will rise to the supply voltage of +80 volts. 
Thua wlth V A and V B both equa) to +40 volts the AND gate wlll give an output 
pulse of 30 volts above the quieseent level. This case is shown In Figure 3.6b. 

Conslder now the cases where V A f V B . If V A - +40 volts and V B remains at 
zero volts the .output voltage V 0 remains at +50 volts due to thè clomping action 
of the already conducting lamp N2. Therefore NI will remain non-conducting, 
N2 will remain conducting, and thè output voltage will remain at +50 volts as 
shown in Figure 3.6c. If V A - 0 volts and V B rises to +40 volts a different result 
will be obtained since lamp N2 is assumed to be the originally conducting lamp. 
This situation Is shown in Figure 3.6d. As V„ begins to rise V D also begins to rise 
since N2 is conducting. When V„ has risento the +30 volt level the voltage across 
N2 will be at the extinguishing voltage and N2 will stop conducting. The output 
voltage will then start to rise toward the supply voltage but when the firing 
voltage of NI is reached it will fire, thus quickly dropping the output to the 
maintaining voltage of NI. As V„ falla back to zero the output voltage will remain 
at +55 volts and now lamp NI is in the conducting state. 

Thus an error signal of 5 volts is produced due to the difference in maintaining 
voitages of the two lampa. In many cases this errar signal will be small enough 
so that it will not give a false output indlcatlon. However lf the error signal is 
of a level which cannot be tolerated the error may be minimized by matching 
the lamps of the AND Circuit or by using the following method. 

It will benoticed in Figure 3.6d that a second pulse does not result in a further 
error in the output. Infactallfouroutputs are correct but of different amplitudes 
for the second pulse and all following pulses as well. Therefore if two or more 
pulscs moke up the input signal to the AND gate, the firsl pulse may be considered 
to be a “set” pulse and the second pulse to produce the desired output. Thus 
one method of compensating for the signal error introduced because of the lamp 
characteristics is to use an input signal of two pulses with the second pulse 
performing the logie operation. This method will result in a reduction of one-half 



Fig. 3.7. Woveforms for "AND" Gate with Large Supply Voltage 
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in thè availablc operations per second of a logie System; however, since glow 
lamp logie circuita are essentially low speed systema thia will normally be of 
no consequence. 

The output aignal for thè previous AND gate la thè difforence between thè 
supply voltage and thè malntaining voltage of thè conducting lamp. Hence thè 
output aignal amplitude may vary as thè supply voltage varies. In nddition, since 
it is possible that either lamp may be initially conducting, thè amplitude of thè 
output aignal will depend upon which lamp is conducting. The variations in output 
voltage may be minimized by operating thè AND gate from a higher supply 
voltage. 

Consider that thè game lampa of Figure 3.5 are being used with a supply 
voltage much greater than thè firing voltage of thè lampa—for example, 150 
volta. The operatlon of thia AND gate will now be considered with thè voltage 
waveforms shown in Figure 3.7. 

With both inputs at zero potential thè output will be clamped to thè malntaining 
voltage of one of thè lampa. As before, consider that thè lamp with thè loweat 
firing voltage is intially in thè conducting state with thè other lamp non-con- 
ducting. 

Now if both inputs rise to +40 volta thè voltage aerosa thè conducting lamp 
will not fall below thè extinguishing voltage of thè lamp and thè lamp thus 
remains conducting and passes thè input pulse through thè lamp to thè output 
with essentially no change in amplitude or shape of thè input aignal. Thia case 
is shown in Figure 3.7b. The other lamp will remain non-conducting since thè 
voltage across it remains essentially equal to thè maintaining voltage of thè 
conducting lamp. 

For this case where thè supply voltage ialarge thè output pulse will be of thè 
sanie amplitude as thè input pulse to thè conducting lamp regardless of which 
lamp is conducting. In addition thè output voltage amplitude is independent of 
supply voltage to thè extent that thè voltage does not decrease to a value such 
that thè conducting lamp will extinguish for an input pulse. The conditton im- 
posed on thè supply voltage and input aignal amplitude is thus: 

v > v to + V E (3.7) 

where V is thè supply voltage, V;„ is thè amplitude of thè input pulse above 
ground potential and V E is thè extinguishing voltage of thè conducting lamp. 

If V A now rises to +40 volts with V B at zero potential thè output V„ will stay 
clamped to thè maintaining voltage of N2 since N2 is assumati to be initially 
conducting. Thus thè re will be no output signal as shown in Figure 3.7c. 

The conditlon existing for V A = 0 and V B rising to +40 volts is thè same as 
for thè AND gate of Figure 3.5 with thè lower supply voltage. The output voltage 
rises quickly with thè input until thè firing voltage of NI is reached after which 
NI switches to thè conducting state and thè output voltage drops to thè main¬ 
taining voltage of NI as shown in Figure 3.7d. 

With a repetitlve pulsed input signal, where- thè AND gate is insensitive to 
normal supply voltage variations and thè difference in maintaining voltages of 
thè lamps, an error signal stili exists in thè output for thè case shown in Figure 
3.7d. Therefore, an input signal consisting of two or more pulses, with thè first 
pulse being a “set” pulse. is advised when necessary for proper operation of 
thè AND gate. 

In designing thè AND gate thè voltages must be considered as well as thè 
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value of load resistance R. For thè aecond type of AND gate thè following con- 
ditions are imposed on thè voltages: 

I V» > Vf. - V«i. Vi. > V FI - Vm,] (3 8) 

| v » v in + Ve | (3.9) 

where V jn is thè input pulse amplitude above ground potential, V F , V M , and V K 
are thè firing, maintaining and extinguishing voltages respectively, and V is 
thè supply voltage. 

Equation 3.8 is required to assure that thè first pulse sets thè AND gate 
properly. 



Fig. 3.8. Equivalent Circuit of Glow Lomp "AND" Gate. 


The minimum value of load resistance depends on thè maximum current 
thè lamps ean carry. In generai it is best to have thè load resistance small 
since thè glow lamp tenda to be more stable for currents near its rated value. 
To determine thè cffect of thè load resistance on thè output impedance of thc 
AND gate consider that lamp NI of Figure 3.8a is thè conducting lamp. The AC 
equivalent Circuit for thè gate with NI conducting is shown in Figure 3.8b. R, is 
thè internai resistance of thè driving source and r b is thè AC resistance of thè 
conducting glow lamp. From thè equivalent Circuit it is seen that thè output 
impedance of thè AND gate Is thè paratie! combination of R and R K + r b so that: 


R(R, + r^ 
R ° “ R + R, + r b 


(3.10) 


To obtain an idea of thè magnitudo of output impedance expected for an AND 
gate assume R, = 10K, R = 200K and r b 5K. 

Then: 

200 (10 + 5) 

R = 200 + 10 +5 Xl ° 


Glow Lamp OR Gate 

Figure 3.9 shows thè basic 2-input glow lamp OR gate. The OR gate function 
is to give an output when there is an input signal at either or both of thc inpuis. 
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Fig. 3.9. Basic Glow Lamp "OR" Gate with Two Input*. 

The input signal to thè basic OR gate must be greater than thè firing voltage 
of ench lamp. With an input greater than tho firing voltage thè lamp will conduci 
and thè output voltage will then be thè difference between thè input voltage and 
thè maintaining voltage of thè conducting lamp. Using thè sanie lamps as for thè 
AND gate of Figure 3.5 thè output waveforms for an OR gate with an input pulso 
of 4100 volta are shown in Figure 3.10. Note that when thè input pulse ia present 
at both inputs thè lamp with thè loweat firing potential will fire and thè other 
lamp will remain non-conducting. Therefore, in this case, thè output voltage 
will be thè difference between thè input voltage and thè maintaining voltage of 
thè lamp with thè loweat firing voltage. 



Fìg. 3.10. Waveforms for Basic 2-lnput "OR" Gate. 

From thè waveforms of Figure 3*10 it la seen that thè output voltage in all 
cases is lesa ihan thè input voltage. A Circuit which minlmizes this loss in 
voltage ks shown in Figure 3.11. The negative bias voltage V, must be less than 
thè extinguishlng voltage of each of thè lamps so thal a lamp does noi remain 
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conducting after an Input pulso. Wlth thè blas voltage present thè lampa will 
flre at a lower input voltage and thus only a amali amount of thè input signal 
amplitude ia lost in transmission through thè gate. In addition thè input voltage 
need not be as large as for thè OR gate of Figure 3.9 where thè input voltage 
amplitude had to exceed thè firing voltage of thè lampa. 


"“_TL 



Fig. 3.11. Modified Glow Lomp "OR" Gate. 

The design conditions for thè modified OR gate of Figure 3.11 are: 



I Vi. > v y ,- | v, 1. Vi, > v,, - | Vi | | (3.12) 

where V F and V E are thè firing and extinguishing voltages respectively. 



Fig. 3.12. Wavefomis for Modified 2-lnput "OR" Gate. 
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The waveforms for thè modified OR gate wtth an input of +100 volta and 
a blas voltage of -45 volta are shown in Figure 3.12. The magnitudo of thè 
output pulso above thè quiescent value la given by thè equation: 

V„ = Vu, - (V M - V,) (3.13) 

A look at thè AC cqulvalent Circuit of thè OR gate wlll show it to be identica! 
to thè AND gate. Thus thè output impedance of thè OR gate la thè aame as that 
of thè AND gate with thè value obtained by equation 3.10. 


NOT Circuita 

The NOT logie function is performed by inverting thè input signal and then 
restoring thè voltage level at thè output. Three types of NOT circuita which 
may be used with glow lamp AND and OR gatcs are shown in Figure 3.13. 
The transistor inverter of Figure 3.13c is thè most commonly used Circuit and 
is gcnerally compatible with glow lamp logie circults. The transistor operates 
in an on-off manner being either in saturalion or cutoff depending upon thè input 
signal. 





Fig. 3.13. "NOT" Circuits. 


Designing Glow Lamp Logic Circuits 

After thè truth-table and logie equation have been obtained for a particular 
logie probiem thè block diagram may be drawn and thè proper interconnections 
made between thè various logie blocks to be used. At this point it must be 
determined whether thè logie System will be direct-coupled or AC coupled. 
If thè input signals seldom change it willbe necessary to design a direct coupled 
logie system. However if thè input consista of pulses thè logie System may be 
either direct or AC-coupled depending on thè designer’s choice and thè com- 
plexity of thè logie problem. 
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In direcl-coupled logie circuits one network will be dlrectly connected to 
other networks. This involves a considcration of thè DC voltagea in one network 
and how thè ad.jacent networks must be matched to it so that thè complete 
System will work proporly. The DC logie system generally beeomes more 
complex as thè number of logie functions increaaes. Due to thè necessitv of 
properly matching voltage levels between thè separate blocks thè number of 
different supply voltagcs required may boeome quite large. In generai, logie 
systems composed of only a few functions are very readily designed with direct 
coupling and fewer components are required than for thè normal AC logie 
system. 



Fig. 3.14. Glow Lamp Logic Circuit (Direct-Coupled). 

Figure 3.14 shows a functional diagram, truth-table, and Circuit di agra ni 
for a logie system which is direct coupled. The inputs to thè system are either 
7.ero or 150 volts depending on thè switch position and thè output is either 10 
volts or approximately +38 volts. Thus at thè input a **1” is ^50 volts and a 
“0" is vero volta, while nt thè output a ** 1 ” is ^38 volts and a •• 0 ” is t io volts. 
For this example no attempi was marie to restare thè output io thè some voltage 
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icvels as thè input. The range and values of thè output signal is generally 
detcrmined by thè use to be made of thè output. 

In AC eoupled logie circuits thè main concem is to couple between blocks 
with a minimum of distortion and loading ofthe signal. The normal eoupling cir¬ 
cuii consista of a capacitor and a resistor if needed. In AC eoupled systems there 
is not thè need for a large numberof supply voltages since generally one voltage 
is sufficient for all ANI) gates, one voltage for all OR gates, and onc voltage for 
all NOT circuits. 



Fig. 3.15. Glow Lomp Logic Circuit (AC Coupied). 

Ucpending upon thè frequency and duty eycle of thè input signal diode dump¬ 
ing may be required. For low duty cycle inputs diode damping is generally 
not needed in thè eoupling network. However, when signals of a relativdy high 
frequency are usod it may bc nccessary toemploy damping to restore thè signal 
to ita originai level. 

Figure 3.15 shows thè block diagram, truth-table, and AC eoupled logie 
circuii for a 3-input System. Diodcs D, and D, aro indicated for inclusion if 
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Fig. 3.20. Oscillations Produced in Gating Circuit When 
Using Large Value of Lood Resistance. 

a load resistance — in this case 4.7 megohms was sufficient for oscillations 
to occur in thè output signal as shownin thè figure. Notiee that when considering 
thè stray capacitanee across thè lamp Lhe gating Circuit has thè same con- 
figuration as thè sawtooth oscillator described in Chapter Two. For this reason 
il is important that thè load resistance is noi of sudi a large value that thè load 
line intersects thè volt-ampere eharacteristic of thè glow lamp in thè negative 
resistance region. This will normally limit thè resistance to a value less than 
l megohm. 

COMPUTER AND COUNTING CIRCUITS 

In addition to thè logie circuits previously described thè glow lamp has 
application in various other circuits which may be uscd in low-speed computer 
and counting operations. This section will describe several of these circuits. 

Timing Generators 

Timing generators produce a series of pulses of a particuiar frequeney 
and shape. These pulses may be uscd totime events in a computer and to provide 
pulses for thè logie operalions. A series of pulses may also be countcd to give 
an accurate timo base for thè timing of some other event. 



Fig. 3.21. Glow Lamp Pulse Generator. 

Figure 3.21 shows one tvpe of pulse generator employing a single glow 
lamp. The Circuit is essentially a sawtooth oscillator with an additional resistor 
K-, in series with lhe glow lamp. As thè capacitor charges up thè voltage across 
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Fig. 3.23. Basic Multivibrator Circuit 

common resistor R 3 and thè value of this voltage will be such that thè voltage 
across N2 is insufficient to allow N2 to tire. The voltage V A is equal to V - Ij R, 
where I) is thè current through thè conducting lamp NI. With N2 non-conducting 
V B = V so that thè capacitor is charged to a voltage equal to I, R ( . 

If a positive pulse of sufflcient amplitude is now applied to thè trigger input 
across resistor R 3 thè conducting lamp NI is switched out of conduction as thè 
voltage across NI is reduced below thè extinguishing voltage of thè lamp. 

Beeause of thè capacitor C, thè voltage at V A remains low until C can 
discharge, while thè voltage V B remains equal to thè supply voltage V. As thè 
input pulse drops back toward zero thè voltage V c also drops toward zero and 
as V c decreases, thè voltage across N2 remains larger than thè voltage across . 
NI by an amount R, I, and therefore N2 will fire first. The voltage developed ■ 
across R 3 will keep NI non-conducting and thè Circuit has now switched States. 
The next positive pulse will cause thè Circuit to flip back to thè initial state of 
operation. Thus under these conditions thè Circuit will act as a flip-flop or 
bistable multivibrator. 


V c “TvTr7< v - v u,1 

where V M is thè maintaining voltage of lamp NI. Also: 


(3.15) 

(3.16) 


V B = V 
Then thè voltage across N2 is: 

V N2 = V b - V c 

In order that lamp N2 is kept in thè non-conducting state thè breakdown volt¬ 
age of thè lamp V F must be greater than V N2 . 

Therefore: 

Vp 2 > V B - V c (3.17) 

Substituting equations 3.14 and 3.16 

V F > v - r- i 3 r (V - V ) (3.18) 
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which reduces to: 

Ri Rj 

V F2 5 R, +R 3 V + Ri +R S V 



Let X =-^-. 

Rt 




x 

1 +x 


V M, 


(3.19) 


(3.20) 


(3.21) 


Solving for X: 

V - V p 

x >Tf—< 2 ' 22 > 

V F 2 V M1 

An identioal equation may be obtained for thè condition when N2 is conducting 
and NI cut-off. Then thè values of resistors for thè bistable multivibrator are 
determined from thè condltions: 


Rs_ V- Vf 2 

Rj * V F 2 - V Mi 

_R3_ V -y Ft 

R 2 > V F! ~ V M 2 


(3.23) 


(3.24) 


Although thè lamps do not have to be exactly matched It Is recommended that 
thè characteristics of thè two lamps do not differ by more than about 5 volts. 


Figure 3.24 shows thè waveforms obtained with a glow lamp bistable multi¬ 
vibrator. The input pulse is 15 volts at thè rate of 5 pulses per second. 

Monostable operation may be obtained by a change in thè resistance ratios 
of thè basic multivibrator Circuit of Figure 3.23. In thè monostable operation 
assume again that NI is initially conducting and thè multivibrator is stable. 
With an input pulse. NI will be switched off and N2 switehed on with a voltage 
developed across It 3 due to thè current flow through N2. However if thè resistance 
ratio of R 2 and R 3 is of thè proper value thè voltage across R 3 will not be suf- 
ficient to keep NI from firing as thè voltage V A rises. Thus once thè voltage 
across NI exceeds thè firing voltage it will conduct and thè negative pulse coupled 
through thè capacitor C in con)unction with thè rising voltage across R 3 will 
cause N2 to drop out of conduction. The tlme during which N2 conducts is 
determined by thè capacitor, resistances, supply voltage, and lamp operating 
voltage s. 

To determine thè design equations for thè resistances in thè monostable 
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multivibrator assume that NI is thc stablc lamp. Then thc firing voltagc of NI 
must satisfv thè cquation: 

V F < V - I 2 R :) (3.25) 

Then following thè sanie procedure as with thè bistable multivibrator thc 
following design conditions are obtained. 

For NI stable: 


(3.26) 





where V F and V M are thè firing and maintaining voltages respcctively. 

Figure 3.25 shows a typical monostable multivibrator and thè output wave- 
shapes. The input pulses are +15 volts at a rate of 1.5 pulses per second. 

Both thè bistable and monostable circuits of Figures 3.24 and 3.25 require 
input trigger pulses of at loast 5 volts peak. The rate at which thè multi- 
vibrators will operate properly depends on thè charging and discharging times 
of thè capacitor and on thè ionization and doionization times of thè glow lamps. 



Fig. 3.24. Typical Bistable Multivibrator Operafion. 



Fig. 3.25. Typical Monostable Multivibrator Operation. 
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The basic multivibrator Circuit of Figure 3.23 will become free-running 
if an insufficìent voltage is developed across resistor R 3 . Then for free- 
running operation: 


(3.28) 


(3.29) 


A Glow Lamp Ring Counter 

A glow lamp ring counter capable of counting at rates up to several hundred 
pulses per second was first reportedby Manleyand Buckleyt. A modified version 
of this ring counter is shown in Figure 3.26 for a eount-of-six counter. Any 
even number may be counted by adding additional pairs of glow lamp-semi- 
conductor di ode combinations. 

The input to thè counter consists of positive pulses of at least 30 volts 
peak. All lamps in thè Circuit are high-voltage 4~\C lamps. Lamps should 




Fig. 3.26. Glow Lamp Ring Counter 
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Fig. 3.27. Ring Counter. 

be aged for besl results and some selection may be desirable. The operation 
of thè ring counter will be descrtbed by referring to Figure 3.27. 

Assume that lamp NI is initially conducting. The resistanees Ro and R, are 
chosen such that voltage V A is insufficient to cause any of thè other lamps to 
fire. With NI conducting, a voltage is developed aerosa R, so that capacitor 
C, charges through diode D 2 to approximately thè voltage across resistor R,. 

11 an input negative pulse is now applied, thè voltage at V A will drop below 
thè extinguishing voltage ofNl andthus NI will stop conducting. Capacitor C. will 
now start to discharge through R, and thè high back resistance of diode Dj. 
Since thè back resistance of diode D z is much larger that» thè resistance of 
Ri essentially thè full voltage developed across Ct will now appear across 
diode D 2 with thè result that thè cathode of N2 now has a large negative potential. 

When thè input trigger pulse returns to zero thè' voltage at V A riscs and 
with thè added negative potential on thè cathode, lamp N2 will fire first and 
thè other lamps will remain non-conducting. 

Capacitor C 2 will now charge to approximately thè voltage drop across 
resistor R 2 . A second input pulse will extinguish lamp N2 with thè voltage 
developed across C 2 now appearing across diode D 3 as C 2 attempts to dis¬ 
charge. When thè input pulse again rises to zero V A rises and with thè added 
voltage across diode D 3 lamp N3 will now fire first. 

Thus each successive input pulse has resulted in a counting process with 
thè glow lamps being fired in sequence. An output signal may be taken from 
thè lamp-resistor-capacitor common connection. This pulse is essentially 
rectangular and for thè Circuit of Figure 3.26 thè amplitude of this output 
pulse vvas about 40 volte. 
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Memory Circuits 

The properties of thè glow lamp make it a very suitable device for several 
different types ol Storage or memory circuits. One such memory Circuit is 
shown in Figure 3.28. 



Fig. 3.28. Glow Lamp Memory Circuit. 


The supply voitage V is between thè breakdown and thè maintaining voltages 
of thè lamp so that in thè qulescent eondition thè lamp is non-conducting. 

If a positive “set” pulse is now applied to thè input thè lamp will fire and 
with thè supply voitage greater than thè maintaining voitage, thè lamp will 
remain conducting. The amplitude of thè set pulso must be large enough to 
fire thè lamp and thus must be greater than thè difference between thè firing 
voitage of thè lamp and thè supply voitage. 

Therefore: 


I V- > Vr - V 

where: 


(3.30) 


v m c v < V F (3.31) 


To read out of thè memory Circuit a positive “read” pulse is applied to 
thè input. The amplitude of thè “read” pulse must be less than that required 
to fire thè lamp if thè lamp is non-conducting. Thus: 


V Kml < V F - V (3.32) 


If thè lamp has been previously fired by a “set” pulse thè “read” pulse 
will be passed through thè lamp to thè output, however, if thè lamp has not 
been fired thè “read” pulse will be blocked by thè non-conducting lamp and 
the lamp and thè output will remain at zero. 


To reset the memory Circuit a negative “reset” pulse is applied to the input. 
The magnitude of this pulse must be sufficient to drop the voitage across the 
lamp below the extinguishing voitage. Thus: 

| l Y -~. I » V - V S 1 


(3.33) 
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Another type of memory Circuit whieh is becoming quite popular employs a 
glow lamp in conjunction with a photoconiluctor or othcr type of photoscnsitive 
device. The photoconduetor has a deereasing resistance as thè incident illumina- 
tion is increased. Figure 3.29 shows one manner in which a glow lamp and 
photoconduetor may be used as a memory Circuit. 



Fig. 3.29. Glow Lamp — Photoconduetor Memory Circuit. 

With thè glow lamp non-conducting thè resistance of thè photoconduetor is 
very large and any input “read” pulse will be attenuated by thè photoconduetor 
by a factor greater than 100 to 1. However if thè glow lamp is triggered on, 
thè light from thè glow lamp will cause thè resistance of thè photoconduetor 
to deerease to a low value depending upon thè characteristic of thè photo- 
conductor and thè light output of thè lamp. The “read” pulse will now appear 
at thè output attenuated only by thè low resistance of thè illuminated photo- 
conductor. 

Additional information on thè operation of glow lamp-photoconductor 
combinations is given in Chapter Four. 
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GENERAL GLOW LAMP APPLICATIONS 



In addition to thè appiicationsofglow lampsdiscussed in thè previous chapters 
there are a great number of other applications for this versatile devicé. This 
chapter will discuss four major applications. A reference list following thè end 
of thè chaptcr gives a partisi list of thè many additional glow lamp applications 
found in thè literature. 


VOLTAGE REGULATORS 

The maintaining voltage of a conducting glow lamp is fairly Constant over a 
relatively wide current range. This characteristic of thè glow lamp makes it an 
ideal component for low cost voltage regulation in circuits where thè currents 
involved do not exceed thè nornml Constant voltage range of thè lamp. In generai 
thè voltage to be reguiated must be thè total maintaining voltage of one or a num¬ 
ber of glow lamps in series. For best results pre-aged lamps should be used in 
thè following applications. 

The most common application for thè glow lamp as a voltage regulator is in 
providing thè screen voltage for pentode vacuum tubes. A typical eircuit for this 
application is shown in Figure 4.1. 



The current drawn by thè glow lamp must remain within thè operating cur¬ 
rent range of thè lamp over thè range of screen grid current drawn by thè vacuum 
tube. In addition, thè current drawn by thè lamp must be large enough that thè 
lamp will not produce oscillations. Figure 4.2showsa typical volt-ampere curve 
covering thè normal region of voltage regulation. The curve is for an 5AB 

When a glow lamp is used as a voltage regulator thè voltage will vary slightly 
as a function of temperature. Figure 4.3 shows a typical curve of lamp voltage 
versus temperature for an 5AB lamp operating at thè rated lamp current of 




67 



IGENERAL GLOW LAMP APPLICATIONS 



Fig. 4.2. Volt-Ampere Characteristic Curve for Aged 5AB Glow Lamp. 

.3 milliampere. The maintaining voltage of thè 5AB and related low voltage 
types has a decreasing temperature characteristic of about 40 millivolts per 
degree Centigrade when opcrating at thc ratcd currcnt of thè lamp. 



Fig. 4.3. Typical Temperature Response of Glow Lamp Voltage Regulator. 



Fig. 4.4. Starting Methods for Glow Lamp Regulators. 
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By placing a largo number of glow lampa In series, high regulated voltagcs 
may be obtained. The total voltage is then equal to thè sum of thè maintaining 
voltages of thè lampa. 

In order to lire thè lamps in a series string several methods may be used. 
Il thè supply voltage is in excess of thè total firing voltages of thè lamps then 
thè lamps will fire when thè voltage isapplied. This situation is shown in Figure 
4.4a. 

For this case then: 


v > V F1 + V K + V F3 + V F4 I (4.1) 


By using a triggering pulse to fire thè lamps a lower supply voltage is re- 
quired. An application showing this method is shown in Figure 4.4b. The amplitude 
of thè triggering pulse must bc large enough to fire thè lower lamp. Once this 
lamp is fired thè voltage across it drops to thè maintaining voltage of thè lamp 
and thus places a higher voltage across thè other three lamps. 

Then in order that thè other three lamps will fire: 



A third method for initiating conduction in thè lamps is shown in Figure 4.4c. 
When thè supply voltage is applied to thè network, capacitor C acts as a short 
Circuit so that thè total voltage is placed across lamps NI, N2, and N3. The 
supply voltage must be large enough to cause these three lamps to fire. 
Therefore: 



After thè lamps have fired, thè capacitor begins to charge up through thè 
conducting lamps with thè voltage across N4 rising. When this voltage reaches 
thè firing voltage of N4 it will fire. This places an additional requirement on 
thè supply voltage. 



Another method of starting a series string of glow lamps is thè use of a high 
(10 megohms) resistance bridging one or more of thè lamps. This is shown in 
Figure 4.4d. The voltage across each lamp isdetermined by thè capacity as well 
as thè “ofE” or leakage resistance of each lamp in thè string. 

This bridging resistance reduces thè net resistance of thè bridged lamps 
leaving a larger portion of thè applied voltage for thè rest of thè lamps in thè 
string. If proper values are used, there will be sufficient voltage to break down 
these lamps. The voltage drop across these lamps will then be thè sum of their 
maintaining voltages, and thè difference between this and thè supplied voltage 
must now be large enough to break down thè bridged lamp or lamps. 

I.arger stringa of series lamps may be used for high voltage regulation with 
firing of thè lamps initiated by applications of these firing techniques. 

Preaged lamps such as thè 3.AG-A, 3AG-B, 3AG-C, 5ABA, 5AB-B, 5AB-C, 

5 AC, 5AG or 5AG-A work well in voltage regulation circuits. For higher current 
applications, use of one of thè 5AH or 5AJ family should be considered. 
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VOLTAGE LEVEL DETECTORS 

The glow lamp has a very high input resistance prior to firing and after firing 
gives a visual indication that thè lamp is conducting. Both of these character- 
istics make thè glow lamp suitable to various applications as voltage level 
detectors. Practically any number of glow lamps may be placed in a series string 
so that very high voltages may bedetected. The current reguired to give a visual 
indication is very low so that cvcn after thc lamps have fired, thè detector Cir¬ 
cuit may have a negligible loading cffect. 

In generai thè voltage required to fire a glow lamp voltage detector will be 
thè sum of thè firing voltages of thè lamps in thè series string, assuming leak- 
age resistances are similar. If higher resolution is required a variable bias 
voltage may be provided such as shown in Figure 4.5. By switching lamps in or 
out of thè Circuit a wide range of voltages may be detected. 



Fig. 4.5. Variable Voltage Level Detector. 

Another type of Circuit which acts as a variable voltage detector is shown in 
Figure 4.6a. By varying thè potentiometer thè circuit may be adjusted to in¬ 
dicate any voltage greater than thè firing voltage of thè lamp. A variation of 
this circuit shown in Figure 4.6b will detect two voltage levels. NI will fire when 
its firing voltage is reached and N2 will fire at a voltage dependant upon thè input 
voltage and thè ratios of R ( and R 2 . 



Fig. 4.6. Voltage Level Detectors. 

These voltage indicating circuits may be used equally wcll for both DC volt¬ 
ages and peak AC voltages at low frcquencics. 

Several referenees at thè end of thè chapter give speeific applications of thè 
glow lamp voltage level detector. 
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COUPLING NETWORKS 

The neon glow lamp can be operated in a condition where thè DC resistance 
is mueh larger than thè AC impedance of thè lamp. This is achieved by super- 
imposing an AC signal across a lamp eonducting direct current. The DC bias 
provides a relatively fixed voltage drop across thè lamp. Under this condition a 
DC component of an input signal will be attenuated much more than thè AC com- 
ponent. This property of thè glow lamp makes it an ideal device for lowering thè 
DC level in direct coupling of vaeuum tube stages. 



Fig. 4.7. Direct Coupled Circuits Employing Glow Lamps. 

Figure 4.7a shovvs thè basic configuration for direct coupling with glow lamps. 
The piate voltage ofVl mustbesuchthat thè lamps will fire. In selecting resistor 
R, severa! considerations must be made. The value of R, in conjunction with thè 
piate voltage and equivalent resistance will determine thè value of DC current 
in thè lamp and thus thè value of thè AC impedance of thè lamp. In addition thè 
larger thè value of RI thè greater will be thè proportion of thè AC piate voltage 
of VI seen at thè grid of V2. However as RI becomes larger thè DC voltage 
component on thè grid of V2 alsobecomes larger, thus requiring a larger cathode 
resistor for V2 and consequently more degeneration of thè AC signal. The Circuit 
components chosen will normally be a compromise and thè largest AC gain of 
thè amplifier is best found by a trial-and-error approach. 

The piate voltage of VI may be operated slightly less than thè combined fix¬ 
ing voltages of lamps NI and N2 when a capacitor is added as shown in Figure 
4.7b. This capacitor serves thè same purpose as for thè voltage regulator Cir¬ 
cuit of Figure 4.4c and thè same design conditions apply. The value of thè capaci¬ 
tor may be on thè order of only 25 pf so that it will offer a high impedance to 
thè AC signal. 





n 11 ii 11 n n ti n n nnnnnnnnnnunm 


IGENERAL GLOW LAMP APPLICATIONS 


The impedance presented by thè glow lampe ina direct coupled Circuit varies 
as a function of thè DC current and thè frequency of thè input signal. At fre- 
qucncies below about 1000 cps thè impedance ofthe lamp is essentially resistive 
with thè magnitude of thè resistance depending upon thè slope ofthe volt-ampere 
characteristic of thè lamp at the particular operating point. 

As the frequency becomes higher the lamp becomes inductive so that for 
frequencies higher than about 1000 cps the lamp may be represented by an AC 
equivalent Circuit of a resistance in series with an inductance. Both the value 
of the resistance and the inductive reactance inerease with increasing frequency. 
In addition the impedance varies with the DC lamp current. Figure 4.8 is a plot 
of the efiective resistance and reactance of an 5AB glow lamp operating at the 
rated current of .3 milliamp. The input AC signal was 1 volt RMS. 



Fig. 4.8. Effective Resistance and Reactance of 5AB Glow Lamp 
Operating in a Coupling Circuit at0.3 Milliampere DC. 

The effect of this lamp impedance is lo introduce an attenuation and a phase 
shift in the signal as the frequency of the signal is increased. To reduce this 
cffect and hence increase the high frequency response of a glow lamp coupled 
amplifier a capacitor may be placed across the glow lamps. A typical Circuit is 
shown in Figure 1.9 with the response curves shown in Figure 4.10 for both 
conditions - with and without a bypass capacitor. The low frequency voltage gain 
of the Circuit is 48. 
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Fig. 4.10. Ampli rude Response of Glow Lamp Coupled Amplifier. 

Any number of glow lampa may be used in a direct coupled stage provided 
that thè applied DC voltage is sufficient to fire thè lamps. The magnitudo of tne 
maximum AC signal depends on thè degree of distortion permissible. Normali}- 
signal amplitudes of several volts will have little distortion. 


THE GLOW LAMP AND PHOTOCONDUCTIVE DEVICES 

An increasing number of applications are being found for thè glow lamp in 
conjunction with photoconductive devices. Among these photoconductive devices 
are thè cadmium sulfide and cadmium selenide photoconductors and photosensitive 
semiconductor devices. The spectral response and light intensity of manv of 
these devices is compatible with thè light output of thè neon glow lamp. In addition 
thè low power consumption and speed of response of thè glow lamp makes il a 
dosirable light sourcc. Either standard brightness orhighbrightness glow lamps 
may be used with photoconductive devices. 

Photoconductive Cells 

A photoconductive celi, or photocell, is a device whose resistance varies 
with thè amount of light radiation impinging upon its surface. Although manv 
types of photoconductive materials are in use, or under development, cadmium 
sulfide and cadmium selenide are presently thè most widely used. Each of fel¬ 
ce rta in advantages over thè other. 

The spectral response of thè cadmium sulfide photocell normally peaks around 
5500 Angstroms while thè cadmium selenide photocell peaks around 7000 Ang- 
stroms. Thus thè cadmium selenide photocell is normally better matched to thè 
neon glow lamp spectral emissivity. However, variations in thè mix, materials, 
and processing of a photoconductive celi will allow its peak spectral sensitivitv 
to be varied over a wide range. 

Photocells vary considerably in terms of light-to-dark resistance ratios and 
in their value of resistance at a given light level. A typical cadmium sulfide celi 
may have a light-to-dark resistance ratio of 1,000,000 or more. The resistance 
of a photocell is normally specifled at one or more levels of illumination. The 
resistance ol a photocell is a very nearly logarlthmically linear as a function 
of thè illumination, The resistance decreases with increasing illumination. 
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Sensitivity of photoconductors varies with temperature; cadmium sulfide, 
however, is much more temperature-stable than cadmium selenlde. In fact, thè 
major disadvantage of cadmium selenide cells is their susceptibility to temper¬ 
ature variations. 

Photocells have two response speeds; turn-on response and turn-off responso. 
In generai thè response speed of cadmium sulfide cells will average 100 milli- 
seconds. The response speed of cadmium selenide cells is approximately 10 
milliseconds. Response speeds of both types are dependent on thè previous state 
of thè device and thè illumination level. Hence in photocell-glow lamp combina- 
tions thè speed of response will normally be limited by thè photocell. 

Several glow lamp-photocell circuits have been given in previous sections of 
this book. In addition other applications are described in thè references listed 
at thè end of thè chapter. Themost common use of thè glow lamp-photocell com- 
bination has been in memory and logie circuits. In these applications thè input 
circuii is isolated from thè output circuii — an advantage not obtained bv most 
memory devices. In addition a single photocell output Circuit may be actuated by 
a number of glow lamp sources or one lamp may actuate several photocells. 

The glow lamp-photoconductor combination is best used where thè resistanee 
of thè photocell is switched from a very high resistanee to a low resistanee cle- 
pending upon whether theglow lamp is condueting or not. In addition thè resistanee 
of thè photocell may be varied by varying thè light output or position of thè glow 
lamp. This provides a control where there is electrical isolation between thè 
control Circuit and thè receiving circuii. 



Fig. 4. 11. G. E. B-425 Pholoconductor Resistanee vs Lamp Current — 

5AB and 3AH (Lamp Located 1.5" From Celi) 

Figure 4.11 is a typical plot of photocell resistanee as a function of lamp 
current in thè 5AB standard brightness and thè 3AH high brightness glow 
lamps. The lamp is located about 1.5 inches from thè photocell in a dark en- 
closure. The dark resistanee of this photocell was in excess of 10 megohms, 
and other types are available with even higher resistanee. 

MISCELLANEOUS APPLICATIONS 

A variation of thè light indicator described in Chapter Two is a Circuit con- 
sisting of a photoconductor in parallel with a glow lamp. At a speeific light level 
thè lamp will fire, providing visual indication. 

This sanie principio can be used in thè design of a temperature indicator, 
which utilizes a thermistor in parallel withaglow lamp. Here a visual indication 
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is provided at a specified temperature bythefirtng of thè glow lamp, or a photo- 
conductor can be used to sense thè firing and actuate extemal circuitry. 

Likcwise, a humidity sensing Circuit can utilize a humistor as a variable 
resistance in parallel with thc glow lamp. Humistor resistances typically de- 
crease with an increase in humidity. Once again, thè firing of thè glow lamp at 
a speclfic humidity can be used for visual indication or to actuate external 
circuits. 

Since consistent firing voltage is required for theabove applications thè use 
of a preaged lamp such as thè 5AG-A is recommended. 
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GLOW LAMP TEST METHODS 


TEST CIRCUITS 

The glow lamp is a very high resistance device when in thè non-eondueting 
state and as such requires special care when attempts are made to measure its 
parameters. The lamp characteristics of value to thè Circuit designer are thè 
firing voltage, thè maintaining voltage and thè extinguishing voltage. The values 
of these parameters change as a function of frequency and associated Circuit 
components so that thè type and accuracy of thè measurement depends upon thè 
requirement. For normal Circuit component use thè tests are usually made easily 
and quickly. 




Fig. 5.1. Test Circuit for Determining Lamp DC Voltage 
Characteristics. 


Figure 5.1 shows a test setup which mav be used for making approximate 
measurements of thè lamp parameters. A voltmeter with a resistance of 20,000 
ohms per volt is sufficient to prevent loading of thè lamp Circuit. 


With thè voltage initially at a value below thè expected firing voltage of thè 
lamp thè voltmeter lead Is placed at point A. The supply voltage is then slowly 
raised until thè lamp just fires which is indicated visually by thè cathode glow. 
The reading of thè voltmeter will now give thè value of thè firing voltage of thè 
lamp under test. The DC voltmeter probe may now be moved to point B and thè 
maintaining voltage will be indicated. If it is desired to know thè maintaining 
voltage at a particular value of current thè supply voltage may be varied until 
thè proper current is obtained — assuming that thè resistance is such as to 
permit thè desired amount of current to flow. The approximate value of current 
may be obtained by measuring thè voltages atpoints A and B. The current is then 


determined by thè equation I - 


Va - V B 

K 


After thè maintaining voltage is measured thè voltmeter probe may be re- 
turned to point A. The voltage is then slowly deereased unti] thè lamp current 
abruptly ceases. The voltage at this point is thè extinguishing voltage for thè 
given value of resistance R. 

Care must be taken in ehoosing thè value of resistance R in thè measuring 
Circuit slnce large values of R in conjunction with stray capacitance may cause 
thè Circuit to oscillate once thè lamp has fired. 


GLOW LAMP TEST METHODSl 



Fig. 5.2. Test Circuit for Determining Lamp DC Voltage 
Characteristics. 

Another testing Circuit is shown in Figure 5.2. Two voltmeters may be used 
to avoid changing leads. Voitmeter V 2 which is placed across thè glow lamp 
should be of thè electrostatic or vaeuum-tube type of voitmeter with an input 
resistance greater than ton megohms. If an electrostatic voitmeter is used a 
resistance of about 10 to ,‘30 megohms should be placed in series with thè meter 
to suppross a tendency of thè Circuit to oscillate due to thè meter’s capacity. 
Voitmeter V ( need noi bave a very high input resistance as its shunting effect òn 
thè tesi Circuit is negligible. 

The li ring voltage is determined by slowly raising thè supplv voltage and 
noting thè value of voltage measured on voitmeter V, when thè lamp just begins 
•" g 1 1iv, or thè ammeter gives an indication of conduction through thè lamp. 
Current should normally bc dose tothe lamp’s rated value. The internai resist- 
anee of this ammeter should be less than one percent of thè value of R. 

With thè lamp operating nt thè desired current as indicated by thè ammeter 
thè maintaining voltage may bc read by voitmeter V 2 . To measure thè extìnguish- 
ing voltage thè supply voltage is decreased slowly and thè voltage is read on 
voitmeter V, when thè lamp ceases conduction. 

It is often tlesirable to measure thè dyrtamic values of firing and extinguish- 
mg voltage tdr a Circuit in operation; for example, a savvtooth oscillator. Figure 
•>..l shows a Circuit which may be used to effectively isolato thè glow lamp cir¬ 
cuii from thè test Circuit. The vacuum tube cathode follower stage has essen- 
tiall.v nn infinite resistance at thè grid input so that there is negligible loading 
on thè lamp circuii. In addition thè input capacitance of thè cathode follower is 
vere low so that thè total capacitance shunting thè glow lamp is on thè order of 
onlv a few micro-micro-farads. 

The transfer characteristic or thè cathode follower may be determined by 
varying a DC voltage on Ilio grid and measuring thè corresponding output cathode 
voltage. An alternate method of obtaining thè approximatc transfer function of 
the cathode follower is to drive thè grid with a smnll sine wave signal super- 
imposcd on a DC bias of perhaps 50 volts as shown in Figure 5.4.The DC trans¬ 
fer characteristic of tlie cathode follower is then approximately: 


whcrc A is the small signal AC gain (less ihan unity) and E ko 
voltage measured with the grid grounded. 


is the DC cathode 
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Fig. 5.3. Test Circuit for Defermining Dynamic Lamp 
Characferistics wifh Lamp Circuit Isolateci 
from Output. 



Fig. 5.4. Test Circuit for Defermining Approximate 
Transfer Function of Cathode Follower. 

After thè transfer function of thè cathode follower has been determined thè 
dynamic firing and extinguishing voltages of thc glow lamp Circuit may be meas- 
ured by using a calibrated DC oscilloseope on thè output. 

The cathode follower Circuit also provides another means of measuring thè 
DC l i ring and maintaining voltages of a glow lamp. If an oscilloseope is used 
which has an output sawtooth sweep available ata very low frequency and a volt- 
ago greater than 100 volts this slowly rising voltage may be used as a variable 
supply voltage for a glow lamp with a series resistor as shown in Figure 5.5. 
By placing thè output of thè cathode follower to thè vertical input of thè DC oscil¬ 
loseope voltages proportional to breakdown potential and thè maintaining voltage 
of thè lamp may be measured from thè scope presentation. The aetual values 
of thc breakdown voltage and thè maintaining voltage may then be determined by 
using thè equation for thè transfer function of thè cathode follower. 

This method of determining thc operating characteristics of lamps is partic- 
ularly useful when iarge numbers of lamps are to bc measured. 



GLOW LAMP TEST METHODSl 



Fig. 5.5. Alternate Method of Determining Firing and 
Maintaining Voltages of Neon Glow Lamps. 


CONDITION S FOR LAMP MiASUREMENTS 

In determining thè parameters of a glow lamp care should be taken to provide 
thè proper qnvironment. Recommended practices are:* 

1. Lamp measurements should be made at room temperature of about 25°C. 

2. For measurements to be made in light thè measurement should be made 
in an unobstructed ambient illumination of 5 to 50 footcandles. The lamp 
whieh is to be tested should be operated in thè conducting state for a short 
period prior to measurement. 

3. In thè case where it is desired to measure a lamp in total darkness thè 
lamp should be inoperative for a period of at least 24 hours immediately 
prior to testing and thè enclosure should be light-tight. 

4. Under conditions of life testing of glow lamps thè lamps should be operated 
at thè specified design current while also observing thè correct polarity 
of thè lamp when indicated. 

5. life testing of glow lamps should be interrupted once a day. 

Specific applications may require testing procedures which deviate from recom- 
mended practices. 

In placing a lamp in a testing Circuit care should be tal^en to avoid thè ca¬ 
pacitive effect of having other objects in contact with thè lamp. These objeets, 
such as metal plates and shields, should be kept at least six inches away from 
thè lamp to be tested. In addition^touching thè lamp during testing should be 
avoided as errors will probably result. Proper shielding may be required to 
minimize thè effects of stray fields and radio-frequency radiation which have a 
decided effect upon thè firing voltage of thè lamp. 


•"Measureineni of Glow Lamps", A.S.A., 10 East 40ih Succi, New York 16, New Yo*. 
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LAMP TEST METHODS 

MEASURING THE DELAY TIMES OF GLOW LAMPS 


When a designer considers thè use of glow lamps for bistable logie elements, 
he must know how fast these devlces respond to pulses. He must know this for 
given types of neons and for thè operating environment. 

Since there are quite a few types of neon devices, and many different oper¬ 
ating environments, thè engineer will probably want to make his own tests. In 
this manner he will be able to compare one neon device to another, learn thè 
stati3tical spread for a given neon type and determine thè effect of his operating 
environment. 

A neon’s response to a positive-going turnon pulse (Fig. 5.6) breaks down 
into two factors, which should be measured separately: speed of response and 
voltage level at which thè neon is retriggered. The test setup in Fig. 5.7 
measures thè former and that in Fig. 5.10 measures thè latter. 

Both parameters are a function of thè excitation within thè neon gas. There- 
fore thè tests for these parameters must include thè major environmental and 
Circuit effeets that influence this level of excitation. 



Tj. I0NIZATI0N 

ts * STATISTICA!. 
TIME 

AVALANCHE 

TIME 


Fig. 5.6. Delay times for neon turn-on defined. 


In thè first test (Fig. 5.7), thè ionization time, thè time that it takes a neon 
to respond to a positive-going pulse is thè sum of thè statistical time (t 3 ) re- 
quired for thè first free electron to form in thè gas and thè avalanche time (ta) 
needed for thè first free electron to create thè full flow of electrons. 

The statistical time is a function of thè generai state of excitation in thè 
electrons at thè time thè pulse is received. This, in turn, is a function of excita¬ 
tion remembered from recent ON States and environmental factors, such as 
thè ambient light level, electric field strength, cosmic rays and, of course, 
thè Circuit-imposed potential on thè electrodes. It is.also a function of various 
construction properties, such as gas composition and isotope content, but these 


March J0, 1964. 
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are outside thè control of thè Circuit designer once he chooses a particular 
neon type. 

Avalanche time (t a ), on thè other hand, depends mainly on just thè circuit- 
imposed electrode potenti al. 


_n_n_ 



Fig. 5.7. Setup for measuring a neon's ionization time. 


The following steps are needed to set up thè ionization time test shown in 
Figure 5.7: 

1. Place thè neon inside a chamber, which isolatesit from all environmental 
effects. The chamber shouldhaveprovisionsfor thè controlled introduction 
of environmental effects. An aluminum boxmeasuring 12 x 12 x 14 in. high 
can be used with thè inside walls blackened. A cool white fluorescent 
light panel, measuring 12 x 12 in., can be set in thè top with a clear con- 
ductor attached to thè aluminum chamber. The conductor will screen thè 
neon from thè stray electrical fields produced by thè fluorescent panel. 
The aluminum chamber shields thè neon from electric fields and thè 
fluorescent light provides thè ambient light for thè tests. 

A variable impedance can be used to varythe fluorescent’s intensity from 
0 to 500 foot candles. A photo-electrie celi located near thè neon under 
test, wired to an external meter, measures thè amount of light. The 
spectrum of thè light source should correspond to that of thè intended 
application. The cool white fluorescent was felt to be a good compromise 
between daylight and incandescent conditions. 

2. Provide a de power source that can be varied between 0-300 v. Since 
neons draw only 0.1 to 1 ma currents and have high impedances, this can 
be merely a string of 90-v cells bridged by a potentiometer. 

3. Arrange thè switch to connect thè power source to thè test Circuit so thè 
neon has an OFF time of at least 8 sec. This is necessary to allow thè 
exeltation within thè gas to decay sufficiently from thè ON state level so 
that “remembered” ionization will no upset thè accuracy of this test. 
(The second test, Fig. 5.10, will include this effect.) 

Actually, even longer OFF times may be needed if zero foot-candle light- 
condition tests are to be run. A switching rate of slightly less than 6 
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cycles/min. will be adequate in most cases. This will have 8 sec OFF 
times and 3 sec ON times. A further requirement for this switch is that 
it should have transients of less than 0.5 psec. 

The working part of an ordinary household mercury Wall switch can handle 
this function. The barrei portion can be removed from thè wall switch, 
mounted on thè pivot bearings from thè switch and rotated by a small 
synchronous motor. This device has a clean switching waveform and is 
able to handle thè voltage levels used with neons. 

4. Use an oscilloscope with a vertical sensitivity of 0.05 v/cm. It should 
have an externally triggerable horizontal time base, sweeping at 1 
msec/cm. An interval counter could be used to help Urne thè delay. 



5 


Fig. 5.8. Arrangement of thè data in histogram form. 


At thè start of each test, resistance R should be adjusted to operate thè lamp 
at 105 per cent breakdown voltage. Thenatleast five consecutive readings should 
be made for each lamp with 105, 110, 120, 140 and 180 per cent over voltage. Tt 
is important that enough readings be taken for thè data to be treated in a sta- 
tistical manner. That is, it should be possible to arrange thè readings in a 
histogram, as in Fig. 5.8, so that an approximately Gaussian curve can be drawn 
through thè results and statistically meaningful worst-case values can be 
selected for thè final results. 

Fig. 5.9 shows a typical family of curvesthat would be produced. The ioniza- 
tion time is plotted against thè per cent breakdown voltage. Each curve repre- 
sents a certain ambient light level. Note that thè response is faster for higher 
voltages, but that it is even more sensitive to light levels. The largest change is 
between no light at all (zero foot candles) and a small amount of light (0.1 foot 
candles). For reference, ambient light levels range from 30 to 60 foot candles 
in office areas and up to 100 foot candles in well-lighted laboratories. 
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PER CENT BREAKDOWN VOLTS (D.C.) 

Fig. 5.9. lonization time vs percentage of de brealcdown voltage. 


The curves in Fig. 5.9 are for thè 3 sigma limlt, or worst-case values that 
include 99.8 per cent of thè neon devices. They are for 5AB neons. 


REFIRING Voltage Plotted 
As a Function of Time Off 

In single-shot circuits, thè ionization or turn-on time of thè glow lamp may 
be thè only frequency-limiting factor. Generally, in repetitive signal circuits it 
will be necessary to also know thèdeionizationtime. This turn off parameter can 
be measured directly but thè procedure is quite complicated. An easier para¬ 
meter to measure is thè refiring voltage as a function of time off. The setup for 
this measurement is shown in Fig. 5.10. 







The test chamber and de power supply for this test are identical to those in 
Fig. 5.7. But thè oscilloscope should be a dual-beam type with vertical sensitivity 
of 0.5 v/cm and a horizontal sweep of 1 sec/cm. Two oscilloscopes could be 
used with a common timing reference. 



Fig. 5.11. Appearance of dual-frace scope display obtained 
from Fig. 5 test sehjp. 


In addition, a variable pulse width de pulse generator should be available. 
Ideally, it should have enough output amplitude to completely cancel thè de 
power supply. (The authors made do with a generator limited to 60 v maximum 
pulse amplitude, though this did not completely attain thè zero volt OFF States.) 

As an added aid to accurately determining thè voltage levels, a high im- 
pedance VTVM or electrostatic voltmeter should be available. 




























NOTES 


GENERAL ELECTRIC 
GLOWLAMP SPECIFICATICI 



From thè first glow lamp, (NE-2), haveevolved thè scores of lamps in today’s 
glow lamp line, each with specific characteristics depending upon thè job to be 
done. Thus size, light output, life, efficiency, breakdown voltage, maintaining 
voltage, extinguishing potential and many other factors are considered in de- 
signing just thè right lamp for thè specific application. 

As an aid in selecting thè right lamp — before thè design of thè product is 
frozen — choice can be narrowed down to lamps typical of thè application. These 
beeome thè clues which may permit you to make easier selection from thè glow 
lamp specifications that follow. 


Logic AND-OR Gate 
Memory Circuite 
Multivibrators 


Sawtooth Oscillatore 
Trigger Circuite 
Voltage indicatore 
Voltage Regulators 


SUGGESTED LAMP TYPES 


4AB, - 


5AB, & 5AG 
5AH & 5AJ 
5AB & 5AG 
4AC. 5AH 
5AB & 5AG 
3AH, 3AJ 


The specifications give a brief description, thè outline drawing, thè electrical 
characteristics and aging instructions for each Circuit component lamp. Additional 
Information about lamp characteristics and operation in specific circuits may be 
obtained from G.E. Representatives, listed below, or thè editors of this book. 


GENERAI ELECTRIC MINIATURE LAMP SALIS OFFICIS 
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CROSS REFERENCE AND SUBSTITUTION GUIDE FOR 
G.E. CIRCUIT COMPONENT GLOW LAMPS 

f HtoH 0 


The Miniature Lamp Department of thè General Electric company recognized 
thè need for a new numbering System for Circuit component glow lamps which 
will be compatible with thè ncw ASA System for indicator glow lamps. Shown 
below is a cross reference and substitution guide. 






GLOW LAMP SPECIFICATIONS 


The 2AA is thè smallest Circuit component 
presently avallatale. The forateci tip gives good 
end-on viewing. A radioactive additivo reduces 
dark effect. 


OUTLINE DRAWING 





Aging Procedure - 100 hours at design current or 24 hours at 0.6 ma; followed 
by 24 hours under typical Circuit operating conditions. 









GLOW LAMP SPECIFICATIONS 


Tho 3AD is a selected version of thè 3AG which 
finds wide usage as a stero indicator. This lamp 
has specified voltage ranges, tinned leads, an 
extinguishing test, mild radioactive additive for 
thè reduction of dark effect, andDri-Film coating 
for high leakage resistance. 


Initial DC Breakdown Voltage 
(tn 5-50 footcandles) 

Initial DC Maintaining Voltage 

@ 0.3 ma 

Hours operation @ 0.3 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 

Extinguishing voltage (.25MS2 or more 
series resistance) 

Leakage resistance (® 80° F and 75% 
Relative Humidìty 



Aging Procedure - 100 hours at design current or 24 hours at 0.6 ma.; followed 
by 24 hours under typical Circuit operating conditions. 


90 








GLOW LAMP SPECIFICATIONS 


The 3AG is a standard brightness Circuit com- 
ponent lamp. It incorporates a shorter overall 
length than most glow lamps, a formed tip for 
easier end-on viewing, and a mild radioactive 
additive for thè reduction of dark effect. It is one 

of thè lower priced neons. 


3AG 



SPECIFICATIONS 






Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

60 

76 

90 

Initial DC Maintaining Voltage 
@ 0.4 ma 

46 

58 

76 

Hours operation @ 0.4 ma for 5 volt 
change in breakdown or maintaining 


2,000 


Design current in millamperes 


0.4 



Aging Procedure - 100 hours at design current or 24 hours at 0.8 ma.; followed 
by 24 hours under typical Circuit operating conditions. 




GLOW LAMP SPECIFICATIONS 


The 3AG-A is a preaged 3AG. A breakdown and 
maintaining test has been added along with an 
extinguishing voltage test and Dri-Film coating 
to increase leakage resistance. 


3AG-A 



SPECIFICATIONS 



Min. 

Avg. 

Max. 

Initial DC Breakdown Voltage 
(In 5-50 footcandies) 

60 


80 

Initial DC Maintaining Voltage 
@ 0.4 ma 

50 


65 

Hours operation & 0.4 ma for 5 volt 
change in breakdown or maintaining 
voltage 


6,000 


Design current in millamperes 


0.3 


Extinguishing Voltage (.25 Megli or more 
series resistance) 

50 



Leakage resistance at 80°F and 75% 

Relative Humidity 

100M11 




Aging Procedure - Not required as lamp is pre-aged. 





GLOW LAMP SPECIFICATIONS 


3AG-B 


The 3AG-B is a selected version of thè 3AG-A. 
Where closer voltage specifications are required 
thls lamp is one of thè logicai choices over thè 
3AG-A. 


OUTLINE DRAWING 



SPECIFICATIONS 



Min. 

Avg. 

Max. 

Tnitial DC Breakdown Voltage 
(In 5-50 footcandles) 

m 


73 

Initial DC Maintaining Voltage 



m 

Hours operation (8 0.4 ma for 5 volt 
change in breakdown or maintaining 
voltage 



■ 

Design current in millamperes 


0.4 


Extinguishing voltage (.25 Megli or more 
series resistance) 

50 



Leakage resistance @ 80°F and 75% 

Relative Humidity 

^9 








The 3AG-C is also a selected version of thè 
3AG-A. Selection to a slightly higher range has 
advantages in some circuits and thè differential 
between breakdown and maintaining voltage is 
higher than thè 3AG-B. 


3AG-C 


Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

68 

Initial DC Maintaining Voltage 
§ 0.4 ma 

52 

Hours operation @ 0.4 ma for 5 volt 
change in breakdown or maintaining 
voltage 


Design current in millamperes 


Extinguishing voltage (.25 Megli or more 
series resistance) 

50 

Leakage resistance @ 80°F and 75% 

Relative Humidity 

100MD 


pre-aged. 







GLOW LAMP SPECIFICATIONS 


The 3AH lamp is a high brightness Circuit com- 
y» ■■ ponent lamp with Dri-Film for increased leakage 

1 1 resistance. This lamp is recommended for ap- 

plications where stability of characteristics is not 
——^a major design criteria. The formed tip provides 
an overall length which is shorter than many glow lamps, as well as better 
end-on viewing, where desired. A radioaetive additive is present to reduce dark 
cffect. 

OUTLINE DRAWING 
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SPECIFICATIONS 



Initlal DC Breakdown Voltage 
(In 5-50 foótcandles) 

Initial DC Maintaining Voltage 
§ 2.0 ma 

Hours operation @ 2.0 ma for 
change in breakdown or ma 
voltage 


millamperes 

2C ® 80°F and 75% 


•After 100 hours operation at design current. Individuai lots may vary from average. 
Aging Procedure - 100 hours at design current or 15 minutes at 15-17 ma.; fol- 
lowed by 24 hours under typical Circuit operating conditions. 







GLOW LAMP SPECIFICATIONS 


The 4AB has thè largest differential between 
breakdown and maintaining voltage ofanyGEglow 
lamp. Although ideal for trlggered pulse applica- 
tions where a single, higher voltage output is 
desired, thè instabilities inherent in this lamp 
type could rule against its use in some circuita. The lamp contains radioaclive 
additive for thè reduction of dark effect. The light output is not high but with 
end-on viewing it is adequate for normal observations. 

OUTLINE DRAWING 


4AB 

(NE-961 



SPECIFICATIONS 



Min. 

Avg. 

Max. 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

120 


150 

Initial DC Maintaining Voltage 
@ 0.5 ma 

60 


80 

Hours operation @ 0.5 ma for 10 volt 
change in breakdown or maintaining 
voltage 


3,000 


Design current in millamperes 


0.5 



Aging Procedure - 100 hours at design current or 7 hours at 1.25 ma.; followed 
by 24 hours under typical Circuit operatingconditions. 





GLOW LAMP SPECIFICATICI 



The 4AC has a somewhat smaller differential 
between breakdown and maintaining voltage than 
does thè 4AB, but operating stability has been 
improved in this iamp type and response time is 
somewhat faster. A radioactive additive is in- 
cluded. 


j p~a 275" 

IàH. 


DC Maintaining Voltage @ 0.5 mi 

Hours operation @ 0.5 ma for 
change in breakdown or mai: 
voltage 

Design current in millamperes 


97 






GLOW LAMP SPECIFICATIONS 


The 5AB is a modification of thè NE-2 indicator 
lamp with mild radioactive additi ve for thè re- 
duction of dark effect. Both its low cost and 
stable characteristics following aging accountfor 
its popularity. 


5AB 


OUTLINE DRAWING 



SPECIFICATIONS 



Min. 

Avg. 

Max. 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

60 

74 

90 

DC Maintaining Voltage @ 0.3 ma 


59* 


Hours operation @ 0.3 ma for 5 volt 
change in breakdown or maintaining 
voltage 


6,000 


Design current in millamperes 


0.3 



* After 100 hours operation at design ourrent. Individuai lots may vary from 
average. 


Aging Procedure - 100 hours at design current or 24 hours at 0.6 ma.; fol- 
lowed by 24 hours under typical operating conditions. 





GLOW LAMP SPECIFICATIONS 


5AB-A 

ut 


The 5AB-A is a pre-aged 5AB. A breakdown and 
maintaining voltage test has been added along 
wlth an extinguishing voltage test. Dri-Film 
coating increases thè leakage resistance. This 
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DC Maintaining Voltage @ 0.3 ma 
Hours operation fa 0.3 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 


Aging Procedure - Not required as lamp is pre-aged. 







GLOW LAMP SPECIFICATIONS 


The 5AB-B is a selected version of thè 5AB-A. 
Where closer voltage specifications are required 
-his is one of thè logicai choices over thè 5AB-A. 



Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

62 

DC Maintaining Voltage @0.3 ma 

50 

Hours operation @ 0.3 ma for 5 volt 
change in breakdown or maintaining 
voltage 


Design current in millamperes 


Extinguishing voltage (.25 M12 or more 
series resistance) 

50 

Leakage resistance @ 80°F and 75% 
Relative Humidity 

100M11 








Aging Procedure - Not required as lamp is pre-aged. 






GLOW LAMP SPECIFICATIONS 


The 5AC is designed primarily for voltage reg- 
ulation purposes. This lamp is recommended 
for those applications where apartially stabilized 
lamp is required. The lamp contains a mild 
radioactive additive. 


5AC 

{NE-681 


OUTLINE DRAWING 


BLUE DOT 
ADJACENT TO 
+ LEAD 


Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

60 

Initial DC Maintaining Voltage 
@ 0.3 ma 

52 

Hours operation <§ 0.3 ma for 5 volt 
change in breakdown or maintaining 
voltage 


Design current in millamperes 


Extinguishing voltage (.25 Mil or more 
series resistance) 

50 

Leakage resistance @ 80°F and 75% 

ioo Mn 



Aging Procedure - Not required as lamp is partially pre-aged. 







GLOW LAMP SPECIFICATIONS 


5AG 

(NE-81 ) 


The 5AG is elosely related to thè 5AG-A, but 
has somewhat wider tolerance on breakdown 
voltage. It too, is pre-aged and contains a mild 
radioactive additive, has Dri-Film coating, and 
an extinguishing voltage test. This lamp is rated 
@ 0.1 & 0.3 ma. 


WHITE DOT 
ADJACE NT TO 
+ LEAD 


Initial DC Maintaining Voltage 
Initial DC Maintaining Voltage 


Design current in millamperes 


Aging Procedure - Not required 








GLOW LAMP SPECIFICATIONS 


This neon lamp has thè tightest breakdown volt- 
age tolerance — ±4 volte — of allGE glow lamps. 

Maintalning voltage is also held wlthin ±5 volts. 

The lampe are all pre-aged, polarity marked, and 
contain a mild radioactive additive for thè re- 
duction of dark effects. The tight voltage characteristics and pre-aging treatment 
ideally suit this lamp for use in multivibrators, relaxation oscillators and other 
dose tolerance applications. 


5AG-A 

(NE-76) 


OUTLINi DRAWING 





Aging l*rocedure - Not required as lamp is pre-aged. 


1104 





GLOW LAMP SPECIFICATIONS 



Aging Procedure - 100 hours at design current or 24 hours at 15 milliamperes ; 

followed by 24 hours under typical Circuit operating con- 










Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

60 


85 

DC Maintaining Voltage § 10.0 ma 

52 


67 

DC Maintaining Voltage @ 5.0 ma 

50 


65 

Hours operation @ 10.0 ma for 5 volt 
change in breakdown or maintaining 
voltage 


500 


Hours operation @ 5.0 ma for 5 volt 
change in breakdown or maintaining 
voltage 


5,000 


Design current in millamperes 

1.5 

5.0-10.0 


Leakage resistance § 80°F and 75% 
Relative Humidity 

100 Mil 




Aging Procedure - 100 hours at design current or 24 hours at 15 milliamperes 
followed by 24 hours under typical Circuit operating con- 
ditions. 







GLOW IAMP SPECIFICATIONS 


5AH-B 


I The 5AH-B is a selected 5AH with a lOv spread 
I on breakdown and 8v spread on maintainlng volt- 
I age. The differential at 7vbetween breakdown and 
I maintaining voltage allow circuit designer more 
— 1 latitude with other components. 

OUTLINE DRAWING 



DC Maintaining Voltage @ 10.0 ma 
DC Maintaining Voltage @ 5.0 ma 
Hours operation @ 10.0 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Hours operation fi 1 5.0 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 
Leakage resistance @ 80°F and 75% 


Aging Procedure - 100 hours at design current or 24 hours at 15 milliamperes; 

followed by 24 hours under typical circuit operating con- 
ditions. 






GLOW LAMP SPECIFICATIONS 


The 5AH-C is also a selected 5AH. The higher 
breakdown voltage spec allows this lamp to be 
used in special circuits. The guaranteed differ- 
ential of 8v gives higher energy pulses in trigger 
circuits. 


5AH- 


DC Maintaining Voltage @ 10.0 r 
DC Maintaining Voltage (8 5.0 m 
Hours operation @ 10 ma for 


Hours operation (8 5.0 ì 
change in breakdown ( 
voltage 


• 100 hours at design current or 24 hours at 15 milliamperes; 
followed by 24 hours under typical Circuit operating con- 






GLOW LAMP SPECIFICATIONS 


The aAJ, ratea at 1.5 ma., ranks between thè 
■ 1 5 AB family of lampa and thè 5AH family in current 

fNE g, handling capacity. Its voltage characteristics 

and thè appearance of its glow discharge, are 
closer to thè 5AB than thè 5AH. The lamp con- 
radioactive additive for thè reduction of dark effect. 


Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage @1.5 ma 
Hours operation @ 1.5 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 
Leakage resistance @ 80°F and 75% 


Aging Procedure - 100 hours at design current followed by 24 hours under 
typical circuit operating conditions. 






GLOW LAMP SPECIFICATIONS 


The 5AJ-A is a selected verslon of thè 5AJ. The 
low breakdown voltage will reduce power supply 
requirements in same cases. 


5AJ-A 


OUTLINE DRAWING 
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SPECIFICATIONS 



Min. 

Avg. | 

Max. 

Tnitial DC Breakdown Voltage 
(In 5-50 footcandies) 

55 


75 

DC Maintaining Voltage <® 1.5 ma 

45 


65 

Hours operation @ 1.5 ma for 5 volt 
change in breakdown or maintaining 
voltage 


2,000 


Design current in millamperes 


1.5 


Leakage resistance @ 80°F and 75% 
Relative Humidity 

100MII 




Aging Procedure - 100 hours at design current followed by 24 hours under 
typical Circuit operating condiions. 






I GLOW LAMP SPECIFICATIONS 


5AJ-B 


The 5AJ-B is also a selected version of thè 5AJ. 
The higher breakdown voltage spec will allow its 
use in special circuits. 






The NE-67 is a modifieation of thè NE-51 ìndica- 
tor lamp with Dri-Film coating incorporated 
withln thè base. This Dri-Ftlm counteracts thè 
leakage resistance problem inherent in many 
based lamps because of conduction across thè 
basing cements. 



[nitial DO Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage @ 0.2 ma 
Hours operation @ 0.2 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 


Average after 100 hours operation at design current. Individuai lots may vary 
from average. 

ring Procedure - 100 hours at design current followed by 24 hours under 
typical Circuit operating conditions. 









GLOW LAMP SPECIFICATIONS 


7AA 


The 7AA (NE-16) is intendedprimarily for voltage 
regulation applications. It meets thè require- 
ments of MIL-E-1/283 for thè JAN 991 regulator 
tube. A mild radi cacti ve additive for thè reduc- 
tion of dark effect is included in thè lamp. 


OUTLINE DRAWING 



1 Min. 

Avg. I Max. 


67 


a, 

Initial DC Maintaining Voltage 
@ 1.5 ma 

53 


65 

Hours operation @ 1.5 ma for break- 
down voltage to remain below 95V 

DC and maintaining voltage to re¬ 
main below 70V DC 




Design current in millamperes 

— 





Aging Procedure - 100 hours at design current or 24 hours at 2 ma.; followed 
by 24 hours under typical Circuit operating conditions. 







Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

55 


90 

DC Maintaining Voltage @ 0.3 ma 


55* 


Life - Breakdown voltage to stay within 
initial limits and maintaining 
voltage to stay above 100 hours 
limit for 15,00 hours at 0.3 ma 




Design current in millamperes 


0.3 


Extinguishing Voltage (.25 Megli or more 
series resistance) 

50 




*After 100 hours operation at design current. Individuai lots may vary from average. 
Aging Procedure - 100 hours atdesign current or 24 hours at 0.6 milliamperes; fol- 
lowed by 24 hours under typicai Circuit operating conditions. 









GLOW LAMP SPECIFICATIONS 



The 8AB is a eombination of thè random-tipped 
NE-2 lamp and thè telephone slide base. It offers 
thè same front-end accessibility as thè 8AA 
and is lower in price. 



Hours operation (3) 0.3 ma for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 


Alter 100 hours operation at design current. Individuai lots may vary from averagt 
Affina Procedure - 100 hours at design current or 24 hours at 0.6 milliamperos; fol 
lowed by 24 hours under typical Circuit operating conditions 







(I H tt 



Aging Procedure - 100 hours at design current or 7hoursat 1.25 milliamps; fol- 
lowed by 24 hours under typical Circuit operatingconditions. 


1161 
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